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(57) The present invention provides a polishing 
head comprising a head body (62) having an upper 
mounting plate (bridge) (67) and a cylindrical circumfer- 
ence wall (68) provided at downward of the outer cir- 
cumference of the upper mounting plate (67), a 
diaphragm (63) provided in the head body (62), a disk- 
shaped carrier (64) secured to the diaphragm (63), a 
first pressure adjustment mechanism (65) for adjusting 
the pressure of a liquid filled in a fluid chamber (73) 
formed between the carrier (64) and the head body (62), 
and a retainer ring (75) disposed in concentric relation 
between the lower face of the carrier (64) and the inner 
wall of the circumference wall (68), wherein the retainer 
ring is fixed to the carrier, an elastic membrane is dis- 
posed on the lower face of the carrier, the elastic mem- 
brane is secured by inserting its circumference edge 
between the retainer ring and the carrier, a fluid feed 
passage for feeding a pressure variable fluid between 
the elastic membrane and the carrier is provided in the 
carrier. 
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Description 

BACKGROUND OF THE INVENTION 

Reld of the Invention s 

[0001] The present invention relates to a polishing 
head that is applied for polishing the surface of a polish- 
ing object having a planar surface such as a virgin sili- 
con wafer and a sennlconductor wafer used in 
semiconductor manufacturing processes, or a heard 
disk substrate and a liquid crystal substrate, as well as 
to a polishing apparatus using the polishing head, and 
to a method for sensing the polished surface state. 
[0002] The specification of the present invention is 
based on Japanese Patent Applications (Japanese Pat- 
ent Application Nos. 11-249188, 11-297466. li- 
st 3084, 11-328816, 2000-071210, 2000-073092. 
2000-073093 and 2000-092356), and the descriptions 
thereof written In Japanese are incorporated herein as a 
part of the specification of the present invention. 

Description of the Related Art 

[0003] It has been crucial to planarize the surface of 
a semiconductor wafer as much as possible in compli- 
ance with recent requirements of fine patterning accom- 
panied by the advance of highly integrated 
semiconductor manufacturing apparatus. For example, 
while patterns are formed by photolithography, the 
depth of focus in photolithography is being shortened as 
the patterns are made fine. Consequently, it is also 
required to restrict the difference of the levels between 
the concave portion and convex portion on the surface 
of a wafer (or planarization) within the depth of focus in 
order to secure an accuracy of the pattern, or to facili- 
tate focal adjustment during exposure. Bare wafers are 
also strictly required to be polished with high degree of 
planarity as the diameter of the wafer is increased 
(although the wafers are cited herein, the surface of pol- 
ishing objects other than the wafers such as. for exam- 
ple, the hard disk substrate and liquid crystal substrate 
are also required to be polished with a high degree of 
planarity). 

[0004] A chemical mechanical polishing (CMP) 
method has been highlighted for the purpose above 
from the viewpoint that the degree of planarity can be 
enhanced by polishing the surface membrane and 
therelsy the membrane can be embedded in recesses 
on the surface. 

[0005] The surface of the wafer is planarlzed by 
chemical mechanical polishing using a slurry such as 
an alkaline slurry containing St02. a neutral slurry con- 
taining Ce02, an acidic slurry containing AI2O3 and a 
slurry containing abrasive particles in the CMP method. 
An example of the apparatus for polishing the surface of 
the wafer by the CMP method is shown in Fig. 27 as an 
enlarged perspective view of the main part of the polish- 



ing apparatus. 

[0006] The polishing apparatus 1 illustrated in Rg. 
27 comprises a poiishlng pad 4 made of, for example, a 
hard polyurethane provided on a circular platen 3 
attached to a center axis 2, and a polishing head 5, 
which rotates by being driven by a head drive mecha- 
nism (not shown), opposing to the polishing pad 4 and 
disposed at a position being In eccentric relation to the 
center axis 2 of the platen 3. 

[0007] Rg. 28 also shows an another apparatus for 
polishing the surface of the wafer by the CMP method. 
The members in Fig. 28 configured to be approximately 
the same as those in the polishing apparatus 1 shown in 
Fig. 27 will be described hereinafter with reference to 
the same reference numerals. 

[0008] The polishing apparatus 10 shown in Rg. 28 
comprises a wafer polishing head 5 retaining the wafer 
W to be polished, and a polishing pad 4 adhered over 
the entire surface of a disk-shaped platen 3. Each of 
plural wafer polishing heads 5 provided at the bottom of 
a carousel 11 is supported by a spindle 17 so as to be 
able to freely rotate, and allowed to undergo a planetary 
motion on the polishing pad 4. It is also possible in this 
case to provide the center of the platen 3 to be in eccen- 
tric relation with respect to the center of rotation of the 
wafer polishing head 5. 

[0009] The platen 3 is horizontally placed at the 
center of a base 12, and is allowed to rotate around its 
axis line by a platen drive mechanism 13 provided In the 
base 12. A guide posts 14 is provided at each side of 
the base 12. while an upper mounting plate 15 for sup- 
porting a carousel drive mechanism 16 is placed 
between the guide posts 14. The carousel drive mecha- 
nism 16 functions for allowing the carousel 11 provided 
below it to rotate around the axis line. 
[0010] A locking member 18 is provided so as to 
protrude out of the base 12, and a space adjustment 
mechanism 1 9 is formed on the upper end of the locking 
member 18. A stopper 20 is provided above the locking 
member 18 in opposed relation to the locking member. 
This stopper 20 is secured on the upper mounting plate 
15 besides protruding downward out of the upper 
mounting plate 15. The distance between the wafer pol- 
ishing head 5 and the polishing pad 4 can be properly 
adjusted by allowing the locking member 18 to contact 
the stopper 20. The wafer W is polished by bringing the 
wafer W retained on the wafer polishing head 5 in con- 
tact with the surface of the polishing pad 4 while the car- 
ousel 11 and the platen 3 are rotating. 
[0011] Examples of this kind of polishing head 
include the polishing heads for polishing the surface of 
the semiconductor wafer cut from an silicon ingot. A 
floating type polishing head has been particularly pro- 
posed in recent years among the polishing heads 
described above, wherein the wafer is directly sup- 
ported by an elastic membrane provided so as to be 
able to inflate and deflate along the direction of the head 
axis, whereby the back-pressure of the polishing head 
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to the wafer polishing pad is made to be freely adjusta- 
ble via the membrane. 

[0012] Figs. 29 and 30 show an example of a float- 
ing type polishing pad via a membrane. Figs. 29 and 30 
represent a vertical cross section and an enlarged s 
drawing thereof, respectively, of the polishing head 21 
disclosed in Japanese Unexamined Patent Application 
Publication No. 10-294298. As shown in the drawings, 
the polishing head 21 is configured so.that an annular 
top ring 23 is provided at the circumference of the lower 
face of the head body 22, and a retainer ring 24 is pro- 
vided at the inside of the top ring 23 in concentric rela- 
tion to the top ring. A pressurizing plate 25 is loosely 
fitted on the upper face 24a of the retainer ring 24, and 
the space surrounded by the top ring 23, retainer ring 
24 and pressurizing plate 25 serves as an air chamber 
26. 

[001 3] The lower face side (not shown) of the pol- 
ishing head 21 is pressed onto the polishing head while 
the wafer is absorbed on the lower face of the pressuriz- 
ing plate 25, when the wafer is polished using the pol- 
ishing head 21 . The back-pressure for polishing may be 
optimized by adjusting the pressure of the wafer onto 
the polishing pad via the pressurizing plate 25. 
[0014] An another example of the floating type pol- 
ishing head 30 via the membrane is shown in Rgs. 31 
and 32, which are a vertical cross section and an 
enlarged drawing thereof, respectively, of the polishing 
head disclosed in USP No. 5,624,299. A porous plate 
32 Is placed so as to cover the lower face of a hollow 
tube type head body 31 having a closed upper face and 
open lower face, and a membrane 33 is provided so as 
to cover the lower face 32a of the porous plate 32. The 
peripheral edge 33a of the membrane 33 is fixed to the 
inner wall 31 of the head body 31 , and a retainer ring 34 
for retaining the circumference of the wafer to be 
retained is fixed on the lower face 33b of the membrane 
33. 

[0015] The wafer W (see Fig. 32) is retained on the 
area surrounded by the retainer ring 34 on the lower 
face 33b of the membrane 33 while allowing the lower 
face of the polishing head 30 to contact the polishing 
pad 4 (see also Fig. 32), when the wafer is polished 
using the polishing head 30. Simultaneously, an Inner 
pressure of the chamber 35 is applied to the wafer via 
the membrane 33 by feeding air into the chamber 35 
surrounded by the head body 31 and the membrane 33, 
thereby adjusting the back-pressure of the polishing 
head 30 onto the polishing head. 
[0016] The polishing heads 21 and 30 are config- 
ured so that the pressure in the air chamber 26 or the 
chamber 35 is applied on the wafer via the pressurizing 
plate 25 or the membrane 33 having a relatively small 
rigidity. Consequently, a back-pressure may be applied 
onto the wafer by allowing the pressurizing plate 25 or 
the. membrane 33 to relax distortion of the wafer, even 
when the wafer has an uneven shape. Accordingly, it Is 
made possible to polish the wafer under a low pressure. 
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[0017] Japanese Unexamined Patent Application 
Publication No. 8-229804 discloses a polishing head as 
shown in Rg. 33. 

[0018] The wafer polishing head 40 (a polishing 
head) comprises a head body 43 composed of a top- 
plate 41 and a cylindrical circumference wall 42 fixed at 
the outer circumference of the top-plate 41, a dia- 
phragm 44 made of an elastic material such as rubber 
and expanded throughout the inside of the head body 
43, a pressure adjustment mechanism 46 for adjusting 
the pressure in a fluid chamber 48 formed between the 
head body 43 and the diaphragm 44, a circular carrier 
45 fixed on the lower face of the diaphragm 44, and an 
annular retainer ring 47 placed at the outer circumfer- 
ence of the carrier 45 and disposed to be in concentric 
relation to the carrier. 

[0019] The carrier 45 and the retainer ring 47 are 
secured to a carrier fixing ring 49 and a retainer ring fix- 
ing ring 50, respectively, provided on the upper face of 
the diaphragm 44, and the retainer ring 47 is arranged 
in concentric relation with a slight gap between the outer 
circumference face and circumference wall 42 of the 
carrier 45. The slight gap is provided because the mov- 
able range of the retainer ring 47 may be prevented 
from being too large by elastic defonnation of the dia- 
phragm 44. 

[0020] The wafer W adheres onto a wafer adhesion 
sheet P provided on the lower face of the carrier 45 for 
polishing while the outer circumference of the wafer is 
blocked with the retained ring 47, The surface of the 
wafer W contacts the polishing pad 4 adhered on the 
upper face of the platen 3, and the surface of the wafer 
is polished by rotation of the wafer polishing head 40 
while feeding the slurry as hitherto described. 
[0021] The canrier 45 and the retainer ring 47 have 
a floating structure by which the two members are able 
to independently displace upward and downward by 
elastic deformation of the diaphragm 44. In other words, 
the back-pressure of the earner 45 and the retainer ring 

47 onto the polishing pad 4 is made to be variable 
depending on the pressure inside of the fluid chamber 

48 adjusted by the pressure adjustment mechanism 46. 
[0022] However, the polishing heads 21 and 30 as 
hitherto described involve the following problems. 
[0023] Since the pressurizing plate 25 is loosely fit- 
ted on the retainer ring 24 in the polishing head 21 
shown in Figs. 29 and 30, the pressurizing plate 25 has 
a double layer structure in which a metal plate 25a and 
an elastic plate 25b made of a rubber are laminated to 
one another to maintain its strength, in order to avoid 
deformation by the weight of the pressurizing plate 25 
itself. However, adaptability of the pressurizing plate. 25 
to deformation such as distortion of configuration of the 
wafer to be retained is lost to consequently make it diffi- 
cult to polish the wafer under a low pressure, when the 
pressurizing plate 25 is made to be so tough. In addi- 
tion, the tough structure of the pressurizing plate 25 
may cause a downward deformation of it into a dome- 
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shape when compressed air is fed in the air chamber 
26, possibly making it difficult to press the planar- 
shaped wafer onto the polishing pad. 
[0024] In the polishing head shown in Figs. 31 and 
32, on the other hand, the membrane 33 should be 
firmly fomned so as to be able to support the retainer 
ring 34, because the retainer ring 34 is supported by the 
lower face 33b of the membrane 33. However, the finn 
configuration of the membrane causes the same prob- 
lems as described In the polishing head 21. Moreover, 
since configuration of the membrane in the polishing 
head 30 is so complicated particularly at its peripheral 
edge 33a that service life of the membrane 33 may be 
adversely affected by this configuration. 
[0025] The wiring width of LSTs are required to be 
nan^ow as compared with the conventional ones in com- 
pliance with the requirements of making the LSI's to be 
highly integrated and to be operated at high speed. 
However, it is difficult to polish the wafer while maintain- 
ing a high back-pressure of the wafer against the polish- 
ing pad, because the effects of dishing, thinning and 
erosion accompanied by polishing cannot be disre- 
garded. Accordingly, the back-pressure should be sup- 
pressed to be lower than the conventionally applied 
pressure. 

[0026] Since wiring resistance is Increased as the 
wiring width is narrowed, it is required to use copper as 
a wiring material in place of conventionally used alumi- 
num. It is also required to use a so-called Low-k mate- 
rial, a material having low rigidity, as a countermeasure 
of narrowing the wiring distance, in order to avoid gen- 
eration of capacitor effect between two adjoining wiring 
lines. While use of a ceramics such as TaC, TaN and 
TIN is additionally required when a combination of cop- 
per and the low-K material is used, the polishing pres- 
sure should be more distinctly reduced for polishing the 
composite material as described above because rigidi- 
ties largely differ among the materials. 
[0027] However, the wafer polishing head 40 having 
the floating structure as shown in Fig. 33 is so config- 
ured as to press the wafer W via the earner 45 having a 
high rigidity. Consequently, low pressure polishing is dif- 
ficult because undulation of the wafer W should be com- 
pensated by applying a high pressure in order to press 
the wafer with a unifomri load. 

[0028] In one polishing heads (not shown in the 
drawing; referred as the former polishing head hereinaf- 
ter) known in the art, an opening is provided at the tip of 
the head. A pressure adjustment mechanism is pro- 
vided in order to supply a fluid such as air within an 
open space in the opening, or to dischsu-ge the fluid from 
the space, while a wafer is placed at the end of the 
opening. In the polishing head so configured as 
described above, the inner pressure within the space in 
the opening is made to be higher than the atmospheric 
pressure using the pressure adjustment mechanism, 
and the wafer is directly pressed onto the polishing pad 
by the inner pressure. When the inner pressure is 



reduced below the atmospheric pressure, on the other 
hand, the wafer is directly absorbed at the end of the 
opening. 

[0029] When the wafer is not property retained on 

5 the polishing head (the wafer is displaced from or is out 
of the end of the opening), or when the wafer is cracked 
in the polishing head described above, however, air 
flows in or leaks through the gap between the wafer and 
the end of the opening, or through the cracks on the 

w wafer. As a result, the inner pressure cannot be main- 
tained at a prescribed level required for property retain- 
ing the wafer This type of the polishing head 
detemiines whether the wafer is property retained on 
the polishing head or not by taking advantage of the 

15 phenomenon as described above, i.e., by comparing 
the attained inner pressure in the opening of the polish- 
ing head with the reference pressure. 
[0030] The other polishing head (not shown in the 
drawing: referred as the latter polishing head hereinaf- 

20 ter) comprises a flexible membrane expanded over the 
end of the opening. In the polishing head so configured 
as described above, the membrane is outwardly 
pressed by increasing the inner pressure in the space 
within the opening to be larger than the atmospheric 

25 pressure using the pressure adjustment mechanism to 
press the wafer onto the polishing pad via the mem- 
brane. The membrane also serves as a suction cup for 
absorbing the wafer by allowing the membrane to 
depress toward the inside of the opening as a result of 

30 reducing the Inner pressure of the space below the 
atmospheric pressure. Alternatively, a hole is formed on 
the membrane to reduce the inner pressure within the 
space of the opening to absori^ed the wafer on the 
membrane. 

35 [0031] The polishing head, the former polishing 
head of the foregoing two polishing heads not shown in 
the drawing, is apt to be dirty due to suction of the slurry 
and the like used for polishing into the opening while the 
wafer is absorbed on the polishing head. The dirt may 

40 be a main cause of blocking the motion of movable por- 
tions of the polishing head. 

[0032] A positioning notch is usually provided at the 
outer circumference of the wafer. Since the outer cir- 
cumference edge of the wafer is chamfered, a gap is 

45 created between the end of the opening and the wafer 
to ventilate the fluid in the opening or the air in the 
atmosphere through this gap. Consequently, pressure 
distribution applied on the wafer has turned out to be 
irregular at the outer circumference of the wafer to make 

50 it difficult to ensure polishing accuracy of the wafer dur- 
ing polishing the wafer, besides the wafer has not been 
securely retained kjy absorption on the wafer In the 
former polishing head as hitherto described. 
[0033] On the other hand, the wafer is indirectly 

55 pressed via the membrane in the latter polishing head. 
Accordingly, it has been also difficult to press the entire 
surface of the wafer with uniform pressure as in the pol- 
ishing heads 21 and 39 to unable polishing accuracy of 
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the wafer to be obtained. 

[0034] When a hole is provided on the menribrane, 
the slurry is also sucked into the polishing head as in the 
former polishing head. 

[0035] When the polishing head is unable to retain 5 
the wafer, or when the wafer is not securely retained on 
the polishing head, polishing turns out to be meaning- 
less to decrease work efficiency since no wafer is 
retained on the polishing head, or the wafer dropped out 
of the polishing head is thrown off from the rotating pol- io 
ishing pad or is knocked about by other members of the 
polishing apparatus to damaged the wafer. Conse- 
quently, the polishing head should be provided with a 
function for sensing whether the wafer is property 
retained or not. However, since the space in the opening 75 
is made to be airtight by being isolated from the outer 
environment with the membrane in the latter polishing 
head, except when a hole is provided on the membrane, 
it is impossible to employ such a simple method by 
which the inner pressure is compared with a reference 
pressure as used in the former polishing head. Accord- 
ingly, it was difficult, particularly during polishing of the 
wafer, to sense whether the wafer is retained or not. 
[0036] The same difficulty as described above may 
be encountered in the polishing apparatus using the lat- 
ter polishing head when, for example, the wafer is trans- 
ferred from and onto the polishing pad. For avoiding 
such drawbacks, a wafer detector has been provided in 
the conventional wafer polishing apparatus for sensing 
whether the wafer is retained on the polishing head or 
not 

[0037] Whether the wafer is properly retained by the 
polishing head or not (whether the wafer is tightly 
adhered on the membrane) may be sensed as follows. 
For example, a given amount of the fluid is discharged 
from the fluid chamber by the pressure adjustment 
mechanism to retain the wafer on the polishing head. 
Then, the attained pressure in the current fluid chamber 
is compared with the reference pressure, for example 
with the attained pressure in the fluid chamber when the 
wafer is property retained on the polishing head 
(referred as a retaining state hereinafter). 
[0038] When the wafer is not properly retained on 
the polishing head (referred as a non-retaining state 
hereinafter), for example, the inner pressure of the 
space comes close to the atmospheric pressure due to 
the air flowing Into the space formed between the wafer 
and the membrane. As a result, the inner pressure is 
Increased as compared with the pressure when the 
wafer Is property retained on the polishing head. Conse- 
quently, the membrane is depressed toward the Inside 
of the recess since the difference of the inner pressure 
between the space and the fluid chamber comes to its 
maximum level as compared with the pressure when 
the wafer is in the retaining state. The inner pressure of 
the fluid chamber increases in proportion to the 
decreased amount of the volume of the fluid chamber. 
The wafer is sensed by taking advantage of this phe- 



nomenon in the wafer sensing device as described 
above. 

[0039] However, when a prescribed amount of the 
fluid is discharged from the fluid chamber, the absorbing 
force to the wafer is weakened to cause malfunction of 
the device when a small amount of air is introduced into 
the space formed between the wafer and the mem- 
brane. While the membrane may be further depressed 
toward the Inside of the recess to reduce the inner pres- 
sure of the space to a level necessary for absorbing the 
wafer when the wafer is retained by the polishing head 
by reducing the inner pressure of the fluid chamber to a 
given level, sensing of the wafer is impossible since the 
pressure in the fluid chamber is always kept constant. 
[0040] The inner pressure of the fluid chamber 
actually corresponds to the inner pressure of the space 
including the passage for connecting the fluid chamber 
to the pressure adjustment device in addition to the 
space in the fluid chamber. Since the volume change of 
the fluid chamber, or the volume to be increased or 
decreased accompanied by deformation of the mem- 
brane is small, the difference between the inner pres- 
sure of the fluid chamber in the retaining state and that 
in the non-retaining state turns out to be very small, 
thereby it has been difficult to maintain the sensing 
accuracy of the wafer. While the structure of the polish- 
ing head should be made very complex for increasing 
the rate of change described above, this will result in 
increase of the manufacturing cost. Furthermore, 
adjustment of the pressure adjustment device will take 
much labor by the need of, for example, previous exper- 
imental determination of the pressure as a reference for 
Judging whether the wafer is retained or not 
[0041] A number of fine foam layers for retaining the 
slurry S are provided on the polishing pad 4 in the pol- 
ishing apparatus shown in the drawings, and the wafer 
is polished with the slurry S retained in these foam lay- 
ers. 

[0042] However, the polishing accuracy and polish- 
ing efficiency of the wafer W are decreased due to plug- . 
ging and decreased planarlty on the polishing face of 
the polishing pad 4 by repeated polishing of the wafer 
W. 

[0043] For solving the above problems, a condi- 
tioner 51 for the polishing pad 4 as shown in Fig. 27 is 
provided in the conventional polishing apparatus. Usu- 
ally, the surface condition of the polishing pad 4 is 
adjusted for every polishing to adjust the polishing abil- 
ity against the wafer W within an appropriate range (this 
operation is referred as "dressing"). The conditioner 51 
is also provided in the polishing apparatus 10 shown in 
Fig. 28, although it Is not shown in the drawing. 
[0044] This conditioner 51 comprises a dresser 54 
provided via an arm 53 attached at the outside of the 
platen 3. The arm 53 generate a reciprocating rocking 
motion of the dresser 54 on the polishing pad 4 by 
allowing the arm 53 to rotate around a rotation axis 52. 
Planarlty on the surface of the polishing pad 4 is recov- 
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ered or maintained to solve the problem of plugging by 
polishing the surface of the polishing pad 4 (in a differ- 
ent example, the dresser 54 does not undergo a rocking 
motion but is maintained at the site denoted by the bro- 
ken line on the polishing pad 4). The dresser 54 itself is 
connected to a driving device (not shown) via a coupling 
axis (not shown) provided at the tip of the arm 53 and is 
allowed to rotate while making contact with the polishing 
pad 4, or the dresser 54 is provided at the tip of the arm 
53 so that it is permitted to rotate via the coupling axis 
on a face approximately parallel to the surface of the 
polishing pad 4, thereby the dresser 54 rotates by the 
frictional force applied from the polishing pad 4. 
[0045] Since the dresser 54 is an expendable, and 
its dressing ability decreases by abrasion due to long 
term use. The dressing effect of the polishing pad 4 may 
be secured by a prolonged dressing when the dressing 
ability of the dresser 54 has been decreased. When the 
dressing ability has come to be out of an appropriate 
dressing level due to progressed abrasion, on the other 
hand, the dresser is replaced with fresh one to maintain 
a good work efficiency. 

[0046] The following method, for example the 
method for Judging whether the surface of the wafer W 
to be polished has been desirably polished or not, has 
been used for judging the polishing condition of the 
wafer W, when the wafer is polished using the polishing 
apparatus as hitherto described. 

[0047] In one method known in the art, the polishing 
end point is sensed by observing the polishing resist- 
ance exerted on the wafer W, or by observing change of 
the force applied on the wafer during polishing. For 
example, change of the rotational drive force of a platen 
driving mechanism (not shown in Rg. 27) is observed. 
In other words, the polishing resistance generated 
between the polishing pad 4 and the wafer W is not sta- 
bilized but fluctuates when the surface of the wafer to be 
polished is Insufficiently polished and, on the contrary, 
the polishing resistance is stabilized when the surface 
of the wafer to be polished attained a desired state. 
Since the platen 3 rotates at a given speed, the rota- 
tional driving force of the platen increases, for example, 
when the polishing resistance is large, and decreases 
when the polishing resistance is small. 
[0048] The first method for sensing the polishing 
end point described above comprises observing the 
change of the rotational driving force of the platen driv- 
ing mechanism, and judging the desired polishing state 
of the surface of the wafer W to be polished when the 
observed value is stabilized to sense the polishing end 
point. 

[0049] The second method for sensing the polish- 
ing end point described above comprises providing an 
apparatus for mesisuring the frictional force of the pol- 
ishing pad 4 at a free site on the polishing pad 4, and 
calculating the polishing resistance from the frictional 
force on the polishing pad 4. 

[0050] However, these methods for sensing the pol- 



ishing end point involve the following problems. 
[0051] The platen 3 frequently idles while the wafer 
W does not contact the polishing pad 4. When the wafer 
W comprises, for example, a material having naturally a 

5 small polishing resistance, for example, the difference of 
the rotational driving force when the wafer W is on the 
way of polishing and when polishing has been com- 
pleted is so small that the rotational driving force is min- 
gles with the rotational driving force of the platen 3 while 

10 it is idling. Consequently, it was a problem in the first 
method for sensing the polishing end point that the pol- 
ishing end point of the wafer W can be hardly sensed 
with high accuracy. It was also a problem that respond- 
ing property against the change of the frictional resist- 

15 ance is poor since a large inertia is applied to the platen 
3. 

[0052] The driving force of the platen driving mech- 
anism or the head driving mechanism for allowing ttie 
platen 3 and the polishing head to rotate has been 

20 sensed by measuring the amount of the electric current 
supplied to a motor (not shown) used for rotating the 
platen or the polishing head, or by sensing the ton:?ue 
applied to the member for connecting the motor to the 
platen 3, or for connecting the motor to the polishing 

25 head, for example the torque applied to a pulley. Since 
the driving force of the platen driving mechanism or the 
head driving mechanism has been indirectly sensed, 
responding property turns out to be poor when the driv- 
ing force is sensed at either the platen 3 or at the polish- 

30 ing head. 

[0053] It was also a problem that the polishing end 
point cannot be accurately sensed since the polishing 
resistance sensed as described above involves the pol- 
ishing resistance exerted on the portion where the pol- 

35 ishing head 4 makes contact with a different position 
outside of the wafer W in the polishing head. 
[0054] It was sometimes impossible to sense the 
polishing end point in the first method for sensing the 
polishing end point due to instability of the polishing 

40 resistance even after polishing of the wafer W had been 
progressed, because the polishing resistance is not sta- 
bilized depending on the surface state of the polishing 
pad 4 such as plugging of the polishing pad 4 with pol- 
ishing debris or abrasion of the surface of the polishing 

45 pad 4. However, it was impossible to judge whether the 
polishing end point cannot be sensed either by insuffi- 
cient polishing of the wafer W, or by the change of the 
surface state of the polishing pad 4, due to lack of sens- 
ing means of the surface state of the wafer W. 

so [0055] Lack of the means for sensing the surface 
state of the polishing pad 4 results in inability of sensing 
that the dressing ability has been decreased due to 
abrasion of the dresser for dressing the polishing pad 4. 
[0056] In the second method for sensing the polish- 

55 ing end point, on the other hand, the facil'tty cost is con- 
siderably increased by additionally providing the 
detector to the polishing apparatus. It was also difficult 
to establish a condition dose to the actual polishing 
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conditions. 

[0057] The polishing apparatus 10 shown in Fig. 28 
comprises many polishing heads for simultaneously 
polishing many wafers W to reduce the manufacturing 
cost of the wafers W. However, much more polishing s 
heads are required for further reducing the manufactur- 
ing cost. This requirement has turned out to be crucial 
since wafer size has been so increased in recent years 
that the number of the wafers W that can be simultane- 
ously polished is decreasing. io 
[0058] However, a floating member 57 for- retaining 
the wafer W is supported in a floating manner at the 
opening of the head body 43 via the diaphragm 44 in the 
conventional polishing head such as, for example, the 
wafer polishing head 40, and the head body 43 is is 
largely expanded over the outer circumference of the 
floating member 57. Accordingly, it is cun-ently difficult to 
increase the number of the polishing heads since the 
polishing heads requires a large installation area. 
[0059] The method for connecting the diaphragm 20 
44 to the head body 43, and the manner for connecting 
the can-ier 45 and retainer ring 47 to the diaphragm will 
be described with reference to the wafer polishing head 
40 shown in Rg. 33. 

[0060] The diaphragm 44 is bolted to the inner wall 25 
of the head body 43 together with a diaphragm fixing 
ring 56 while the outer circumference of the diaphragm 
is inserted between the inner wall of the head body 43 
and the annular diaphragm fixing ring 56. The carrier 45 
and the retainer ring 47 are also bolted to the carrier fix- 30 
ing ring 49 and the retainer fixing ring 50, respectively, 
provided on the upper face of the diaphragm 44. The 
cannier 45 and the retainer ring 47 are so configured as 
to be able to independently displace to one another 
toward the ascending and descending directions by 35 
elastic deformation of the diaphragm 44 (the carrier 45 
and the retainer ring 47 may be referred as a floating 
member 57 hereinafter). 

[0061 ] The bolts for securing the diaphragm 44, the 
carrier 45 and the retainer ring 47 are inserted from the 40 
top to the bottom of the diaphragm 44 through bolt 
insertion holes provided through the diaphragm 44. 
[0062] The slurry S invades, for example, between 
the carrier 45 and the retainer ring 47, and between the 
retainer ring 47 and the circumference wall 42 of the 45 
head body 43 by continuous polishing using the polish- 
ing head 40. The slurry S is denatured by drying or by 
the heat of friction generated by polishing fomriing a 
solid or a gel, or a solid or a semi-solid resembling the 
solid. When the solid or the semi-solid thus formed so 
flows from the wafer polishing head 40 onto the polish- 
ing pad 4, the wafer W may be damaged by scratching, 
the polishing rate may be deteriorated, or uniform pol- 
ishing may be inhibited. Accordingly, the wafer polishing 
head 40 should be periodically cleaned. ss 
[0063] The retainer ring 47 among the components 
constituting the wafer polishing head 40 is an expenda- 
ble that is consumed by always making contact with the 



polishing pad during polishing. 

[0064] The carrier 45 and the retainer ring 47 must 
be removed from the wafer polishing head 40 for main- 
tenance such as cleaning and exchange of the wafer 
polishing head 40, or adjustment of each component. 
[0065] However, since the carrier ring 45 and the 
retainer ring 47 are affixed by screwing to the carrier fix- 
ing ring 46 and retainer ring fixing ring 47 disposed on 
the upper face of the diaphragm 44 as described previ- 
ously, the wafer polishing head 40 should be once dis- 
assembled for taking them out of the wafer polishing 
head 40. Consequently, the maintenance work has 
required much labor to restrict the serviceability ratio of 
the polishing apparatus. Although one may consider 
that the time required for maintenance may be short- 
ened by replacing the entire wafer polishing head 40, a 
spare wafer polishing head 40 should be provided in this 
case, and the polishing head provided with a plurality of 
the wafer polishing heads 40 may cause increased 
manufacturing cost. 

[0066] Each bolt should be sufficiently tightened for 
preventing the fluid from flowing out of the bolt insertion 
hole when the floating member 57 is reassembled to the 
diaphragm 44, in order to maintain the fluid chamber 24 
airtight to keep floating support of the floating member 
57 in a favorable condition. 

[0067] However, since the diaphragm 44 is flexible, 
it may be distorted by tightening the bolts, or it may shift 
from the assembling site where the carrier 45 and the 
retainer ring 47 has been initially set. Since assembling 
accuracy of the carrier 45 and the retainer ring 47 differs 
depending on the workers and working conditions, it 
has been difficult to level the assembling accuracy as 
well as to stabilize machining accuracy of the wafer W. 
[0068] While the conventional polishing head 
should be disassembled for maintenance, it is crucial to 
keep the assembling accuracy of the diaphragm 44 in 
assembling the polishing head, because the diaphragm 
44 among the coniponents constituting the wafer polish- 
ing head 40 plays an important role in the polishing 
head such as sealing of the fluid chamber 48 and float- 
ing support of the floating member 57 against the head 
body 43. 

[0069] It has been also required in the conventional 
polishing head to assemble the diaphragm 44 while the 
head body 43 and the floating member 57 is positioned 
with an exclusive use jig. 

[0070] As hitherto described, the exclusive use jig 
has been required for maintenance of the conventional 
polishing head. 

SUMMARY OF THE INVENTION 

[0071] Accordingly, it is an object of the present 
invention to provide a floating type polishing head that 
can unifonnly press a polishing object such as a wafer 
onto a polishing pad by applying a smaller back-pres- 
sure as compared with the conventional one, while 
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applying the pressure via an elastic membrane having 
better durability than the conventional membrane. 
[0072] The present invention for attaining the fore- 
going object provides in one aspect a polishing head 
comprising: a head body comprising an upper mounting . 
plate (bridge) and a cylindrical circumference wall pro- 
vided at downward of the outer circumference of the 
upper mounting plate; a diaphragm vertically provided 
against a head axis line in the head body; a disk-shaped 
carrier secured to the diaphragm and provided to be 
able to displace toward the head axis iine direction 
together with the diaphragm, one face of a polishing 
object to be polished being retained on the lower face of 
the carrier; a first pressure adjustment mechanism for 
adjusting the pressure of a liquid filled in a fluid chamber 
formed between the carrier and the head body; and a 
retainer ring disposed in concentric relation between 
the lower face of the canier and the inner wall of the cir- 
cumference wall, besides being provided at an approxi- 
mately the same elevation as the lower face of the 
carrier to contact the polishing pad during polishing, the 
retainer ring being secured to the carrier, an elastic 
membrane being attached to the lower face of the car- 
rier, and the elastic membrane being secured with its 
circumference edge being inserted between the retainer 
ring and the carrier, wherein the carrier comprises a 
fluid feed passage for feeding a pressure-variable fluid 
between the elastic membrane and the canrier. 
[0073] According to the polishing head described 
above, the elastic membrane may be expanded while 
keeping its tension since the periphery of the elastic 
membrane is inserted between the retainer ring and the 
carrier, thereby eliminating the need of forming the elas- 
tte membrane itself tough in order to avoid the elastic 
membrane from being deformed by its own weight. Also, 
since the retainer ring is secured to the carrier, the elas- 
tic membrane is not required to support the weight of 
the retainer ring. 

[0074] Consequently, a thin membrane having a 
good adaptability to deformation may be used for the 
elastic membrane, making it possible to permit the etas- 
tic membrane to inflate and deflate by feeding a fluid 
from the fluid feed passage while maintaining adhesive 
property to the polishing object. Therefore, the polishing 
object may be uniformly pressed onto the polishing pad 
at a low pressure even when the polishing object has an 
irregular surface, permitting the polishing pad to be pol- 
ished at a lower pressure than the conventional pres- 
sure. Since attachment of the elastic membrane is 
simpler than in the conventional membrane, service life 
of the elastic membrane is not adversely affected. More- 
over, securing the retainer ring to a carrier having higher 
rigidity allows planarity of the lower surface of the 
retainer ring making contact with the polishing pad may 
be improved, also pennitting better planarity of the pol- 
ished face of the polishing object than in conventional 
one. Since polishing is possible at low pressure, the pol- 
ishing apparatus according to the present invention may 



be favorably used for polishing a semiconductor wafer 
having a fine pattern. 

[0075] An another object of the present invention is 
to provide a polishing head that is able to uniformly 
5 press the polishing object with a lower pressure than in 
the conventional art. 

[0076] For attaining the object above, the present 
invention provides in an another aspect a polishing 
head comprising: a head body comprising an upper 

70 mounting plate and a cylindrical circumference wall pro- 
vided at downward of the outer circumference of the 
upper mounting plate; a diaphragm vertically expanded 
against a head axis line in the head body; a first pres- 
sure adjustment mechanism for adjusting the pressure 

15 of a liquid filled in a fluid chamber formed between the 
diaphragm and the head body; a carrier fixed to the dia- 
phragm and provided to be able to displace toward the 
head axis iine direction together with the diaphragm, 
one face of a polishing object to be polished being 

20 retained on the lower face of the carrier; and a retainer 
ring disposed in concentric relation between the inner 
wall of the circumference wall and the outer circumfer- 
ence of the carrier, besides being secured to the dia- 
phragm and provided so as to be able to displace 

25 toward the head axis line direction together with the dia- 
phragm, the retainer ring contacting the polishing pad 
during polishing, an elastic membrane being expanded 
over an area surrounded by the retainer ring on the 
lower surface of the carrier, and the carrier comprising a 

30 fluid feed passage for feeding a fluid between the lower 
face of the carrier and the elastic membrane, wherein a 
second pressure adjustment mechanism for adjusting 
the fluid pressure fed between the lower face of the car- 
rier and the elastic membrane is connected to the fluid 

35 feed passage. 

[0077] According to the polishing head of the 
present invention, the lower face of the carrier retains 
the polishing object via the elastic membrane. Accord- 
ingly, the polishing object may be retained on the lower 

40 face of the carrier via an air layer and the elastic mem- 
brane, when air is fed between the carrier and the elas- 
tic membrane to fomi an air layer between the cannier 
and the elastic membrane. When the polishing object 
retained as described above is pressed onto the polish- 

45 ing pad, irregularity of the surface of the polishing object 
may be relaxed by allowing the elastic membrane and 
the air layer to follow the planarity of the polishing 
object, making it possible to uniformly press the polish- 
ing object with good accuracy. Consequently, decrease 

50 of polishing accuracy due to irregular surface conflgura- 
tion of the polishing object may be prevented. 
[0078] While the force for pressing the retainer ring 
onto the polishing pad is determined by the pressure of 
the fluid in the fluid chamber in the present invention, 

55 the force for allowing the elastic membrane to press the 
polishing object onto the polishing pad is determined by 
the pressure of the fluid fed to the air layer between the 
lower face of the earner and the elastic membrane. 
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Accordingly, the force for pressing the retainer ring onto 
the polishing pad, and the force for allowing the elastic 
membrane to press the polishing object onto the polish- 
ing pad may be Independently adjusted o one another 
using a first pressure adjustment mechanism and a sec- 
ond pressure adjustment mechanism, respectively. As a 
result, the retainer ring may be pressed into the polish- 
ing pad with a high pressure, while maintaining the 
back-pressure of the polishing object against the polish- 
ing pad to be low using the first pressure adjustment 
mechanism. Consequently, the periphery contacting the 
polishing object on the polishing pad may be prevented 
from distortion of configuration by aggressively taking 
advantage of the retainer ring during polishing to further 
improve polishing accuracy. 

[0079] A different object of the present invention is 
to provide a polishing head capable of sensing whether 
the polishing object is properly retained or not, while 
pennitting the polishing head to operate under a good 
condition by blocking the slurry from invading into the 
polishing head. It is also an object of the present inven- 
tion to securely retain the polishing object while improv- 
ing machining accuracy of the polishing object. 
[0080] For attaining the above object, the present 
invention provides in a different aspect a polishing head 
comprising: an elastic membrane expanded at the tip of 
the head for receiving the polishing object on its lower 
face; a pressure adjustment mechanism for adjusting 
the gas pressure by feeding or sucking a gas at the 
upper face side of the elastic membrane; a pressure 
gauge for measuring the gas pressure at the upper face 
side of the elastic membrane; and a detector for sensing 
that at least the polishing object is not properly retained 
or the polishing object is cracked based on the observa- 
tion result that the measured pressure does not attain a 
- reference pressure by comparing the measured pres- 
sure of the pressure gauge with respective reference 
pressures when the gas is fed and sucked by the pres- 
sure adjustment mechanism, wherein the elastic mem- 
brane comprises a gas permeable and water proof 
material that permits a gas to permeate but prohibits a 
liquid from permeating. 

[0081] According to the polishing head of the 
present invention, the gas fed to the upper face side of 
the elastic membrane by the pressure adjustment 
mechanism passes through the elastic membrane to 
directly press the upper face of the polishing object dur- 
ing polishing. 

[0082] When the polishing object is not properly 
retained on the polishing head (the polishing object is 
not adhered on the elastic membrane), or the polishing 
object is cracked, the gas pressure at the upper face 
side of the elastic merribrane does not increase up to a 
pressure (a reference pressure) attainable when the 
polishing object is properly retained, because the gas 
fed from the pressure adjustment mechanism leaks out. 
Consequently, whether the polishing object is properly 
retained or not. or whether the polishing object is 



cracked or not. may be sensed by measuring the finally 
attained gas pressure at the upper face side of the elas- 
tic membrane using a pressure gauge to compare the 
measured value from the pressure gauge with the refer- 

5 ence pressure for feeding the gas using a detector. 
[0083] The air between the lower face of the elastic 
membrane and the upper face of the polishing object is 
sucked to the upper face side of the elastic membrane 
through the elastic membrane, thereby the polishing 

10 object is absorbed on the lower face of the elastic mem- 
brane, by reducing the pressure at the upper face side 
of the elastic membrane using the pressure adjustment 
mechanism. Invasion of the slurry into the polishing 
head is prohibited by the elastic membrane. 

75 [0084] When the polishing objet is not properly 
retained on the polishing head, or when the polishing 
object is cracked, the atmospheric air flows into the 
upper face side of the elastic membrane through the 
elastic membrane. Accordingly, the pressure at the 

20 upper face side of the elastic membrane is not reduced 
to a pressure (reference pressure) expected when the 
polishing object is properly retained. Accordingly, 
whether the polishing object is properly retained or not, 
or whether the polishing object is cracked or not, may be 

25 sensed by measuring the finally attained gas pressure 
at the upper face side of the elastic membrane using a 
pressure gauge to compare the measured value from 
the pressure gauge with the reference pressure for 
feeding the gas using a detector. 

30 [0085] As hitherto described, the polishing head 
according to the present invention permits whether the 
polishing object is properly retained or not. or the polish- 
ing object is cracked or not, to be sensed over the entire 
work area of transfer and polishing of the polishing 

35 object, while maintaining operation of the polishing 
head in good condition by blocking invasion of the slurry 
into the polishing head. 

[0086] A different object of the present invention is 
to provide a polishing head that is able to sense whether 
40 the polishing object is retained or not. 

[0087] For attaining the above object, the present 
invention provides in a further different aspect a polish- 
ing head comprising a carrier provided with a recess on 
the lower face as a face at the side for retaining a polish- 
es ing object, and a flexible member provided on the lower 
face of the carrier for dividing the recess from the out- 
side to form a space while receiving the polishing object 
on its lower face, wherein a pressure adjustment mech- 
anism is connected to the recess of the earner, the pres- 
50 sure adjustment mechanism adjusting the pressure in 
the space to reduce the pressure in the space to be 
lower than the atmospheric pressure for retaining the 
polishing object, thereby allowing the flexible member to 
depress toward the inside of the recess to serve as a 
55 suction cup for absorbing the polishing object, the car- 
rier comprising a fluid feed passage for connecting the 
pressure adjustment mechanism and the recess pro- 
vided at almost the center of the recess, and the flexible 
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member being further depressed toward the inside of 
the recess by the suction pressure of the pressure 
adjustment mechanism when the polishing object is not 
adhered on the lower face of the flexible member to 
close the fluid feed passage while a space is remaining 
at the outer circumference of the recess, wherein the 
polishing head further comprising: a differential pres- 
sure measuring device for measuring the differential 
pressure between the suction pressure of the pressure 
adjustment mechanism and the inner pressure of the 
space at the outer circumference of the recess; and a 
detector for sensing whether the polishing object is 
retained or not by sensing the differential pressure with 
the differential pressure measuring device. 
[0088] in the polishing head so configured as 
described above, the flexible member inwardly depress 
into the space to close the fluid feed passage provided 
at near the center of the recess of the earner by reduc- 
ing the inner pressure using the pressure adjustment 
mechanism, when the polishing object is not adhered 
onto the flexible member (non-retention state) in retain- 
ing the polishing object. A space is left behind at the cir- 
cumference of the recess of the entire space. The inner 
pressure of this remaining space is not further reduced 
due to closed fluid feed passage, a differential pressure 
is generated between the inner pressure of this space 
and the pressure in the fluid feed passage, or the suc- 
tion pressure of the pressure adjustment mechanism. 
This differential pressure may be increased to an extent 
to facilitate the measurement by the differential pres- 
sure measuring device, by sufficiently increasing the 
suction pressure of the pressure adjustment mecha- 
nism. When the differential pressure measuring device 
has sensed the differential pressure between them, the 
sensor decides that the polishing object is not retained 
on the polishing head. When the differential pressure 
has not been sensed, on the contrary, the sensor 
decides that the fluid feed passage is not closed, or the 
polishing is retained on the polishing head. Whether the 
polishing object is retained or not is thus sensed in the 
manner as described above. 

[0089] According to the polishing head of the 
present invention, sensing whether the polishing object 
is property retained on the polishing head is sensed by 
sensing whether a differential pressure has been gener- 
ated between the inner pressure in the space at the 
outer circumference of the recess of the carrier and the 
suction pressure of the pressure adjustment mecha- 
nism. Since the differential pressure may be increased 
to an extent to facilitate sensing by increasing the suc- 
tion pressure of the pressure adjustment mechanism, 
whether the polishing object is properly retained or not 
may be accurately sensed. 

[0090] A different object of the present invention is 
to provide a polishing apparatus having a high sensing 
ability of information on the polished state of the polish- 
ing object, besides sensitively responding to the pol- 
ished state. It is also an object of the present invention 



to provide a polishing apparatus that is able to sense 
information on the surface state of the polishing pad. 
[0091] For attaining the above object, the present 
invention provides in a different aspect a polishing 

5 apparatus comprising a platen on the surface of which a 
polishing pad is adhered, a polishing head for retaining 
one face of the polishing object to allow the other face of 
the polishing object to contact the polishing pad, and a 
head drive mechanism for polishing the other face of the 

10 polishing object by driving the polishing head, the pol- 
ishing head comprising a head body comprising an 
upper mounting plate and a cylindrical circumference 
wall provided at downward of the outer circumference of 
the upper mounting plate, a diaphragm expanded in the 

15 head body, and an approximately disk-shaped carrier 
secured to the diaphragm to displace toward the head 
axis line direction together with the diaphragm while 
retaining one face of the polishing object, the lower face 
of the carrier comprising a recess and an elastic mem- 

20 brane for forming a space by dividing the recess from 
the outside of the recess, a pressure adjustment mech- 
anism being connected to the recess, the pressure 
adjustment mechanism adjusting the inner pressure of 
the space to adjust the back-pressure for allowing the 

25 elastic membrane to press the polishing object onto the 
polishing pad by receiving the inner pressure, the car- 
rier comprising a retainer ring integrally attached at the 
outer circumference by allowing its lower end to pro- 
trude out of the lower face of the carrier, the outer cir- 

30 cumference of at least one of the carrier or the retainer 
ring and the inner face of the head body comprising an 
engage member for allowing the carrier or the retainer 
ring to engage with the head body so as to restrict rela- 
tive rotation between the carrier or the retainer ring and 

35 the head body around the head axis line as a center of 
rotation caused by the frictional resistance suffering 
from the polishing pad, the polishing apparatus further 
comprising: a sensor provided between the engage 
members for measuring the force along the direction of 

40 rotation applied among the engage members; and a 
computing unit for calculating the polishing resistance 
received by the retainer ring from the measured value 
by the censor while the back-pressure of the polishing 
object is released by reducing the inner pressure of the 

45 space. 

[0092] According to the polishing apparatus of the 
present invention, the carrier retaining the polishing 
object and the retainer ring is forced to rotate toward the 
head axis line direction by the polishing resistance 

50 applied from the polishing pad, when the polishing 
object is polished by allowing the polishing head to con- 
tact the polishing pad. This rotation is received by 
engage members provided at either one of the carrier or 
the retainer ring, and on the inner face of the head body. 

55 The force along the direction of rotation acting on these 
engage members is measured by the sensor. 
[0093] When the back-pressure on the polishing 
object via the elastic membrane Is released by decreas- 
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ing the inner pressure of the space below, for example, 
the atmospheric pressure using the pressure adjust- 
ment mechanism, the polishing resistance received by 
the retainer ring may be calculated using a computing 
unit based on the measured value of the sensor, since 
only the retainer ring is pressed onto the polishing pad. 
[0094] The level of the polishing resistance acting 
on the retainer ring may be directly determined under 
the same condition as in polishing the polishing object in 
the polishing apparatus according to the present inven- 
tion. Since the polishing resistance applied on the 
retainer ring remains within a given range so far as the 
surface state of the polishing pad is not changed, the 
surface state of the polishing pad may be sensed based 
on fluctuations of the polishing resistance. The state of 
abrasives for dressing the polishing pad may be also 
sensed from the surface state of the polishing pad. 
[0095] Since the polishing resistance acting on the 
retainer ring is measured by merely reducing the inner 
pressure of the space by the pressure measuring mech- 
anism, it may be readily carried out at any timing even 
when the polishing object is being polished. Also, the 
polishing resistance may be measured at an appropri- 
ate timing from the initial state of polishing to obtain 
infonnation on variation of the polishing resistance from 
the initial state. 

[0096] Since the surface state of the polishing pad 
may be sensed in the polishing apparatus according to 
the present invention, the timing for adjustment of the 
surface of the polishing pad may be determined. A 
countemneasure may be also selected depending on 
circumstances when the polishing ability of the polishing 
pad has been deteriorated. 

[0097] The state of the dresser to be used for dress- 
ing the polishing pad may be simultaneously deter- 
mined to enable the exchange time of the dresser to be 
sensed. Alternatively, selection of countermeasures 
depending on the circumstances is possible when the 
dressing ability of the dresser has been deteriorated. 
Consequently, the polishing object may be polished 
under an appropriate polishing conditions. 
[0098] Twist of the diaphragm is also restricted to 
enable the diaphragm to protect from deterioration and 
damage to make maintenance of the polishing head 
easy. 

[0099] A different object of the present invention is 
to provide a method for sensing information on the pol- 
ished state with high sensitivity besides having a good 
responding ability on the polished state of the polishing 
object It is also an object of the present invention to 
provide a sensing method of the polished state that is 
able to sense the surface state of the polishing pad. 
[0100] For attaining the object above, the present 
invention provides in a different aspect a method for 
sensing polished state using a polishing apparatus 
comprising a platen on the surface of which a polishing 
pad is adhered, a polishing head for retaining one face 
of a polishing object to allow the polishing pad to contact 
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the other face of the polishing object, and a head drive 
mechanism for polishing the other face of the polishing 
object by allowing the polishing head to drive, the pol- 
ishing head comprising a head body comprising an 

5 upper mounting plate and a cylindrical circumference 
wall provided at downward of the outer circumference of 
the upper mounting plate, a diaphragm expanded in the 
head body, and an approximately disk-shaped carrier 
secured to the diaphragm to displace toward the axis 

10 line direction together with the diaphragm while retain- 
ing one face of the polishing object, the lower face of the 
carrier comprising a recess, and an elastic membrane 
for forming a space by dividing the recess from the out- 
side of the recess, a pressure adjustment mechanism 

75 being connected to the recess, the pressure adjustment 
mechanism adjusting the inner pressure to adjust the 
back-pressure for allowing the elastic membrane to 
press the polishing object onto the polishing pad by 
receiving the inner pressure, the outer periphery of the 

20 carrier comprising an integrated retainer ring with its 
lower end protruding out of the lower face of the carrier, 
the polishing apparatus further comprising: an engage 
member, at the outer circumference of either the carrier 
or the retainer ring and on the inner face of the head 

25 body, for allowing the carrier or the retainer ring to 
engage with the head body so as to restrict relative rota- 
tion around the head axis line as a center of rotation; 
and a sensor provided among the engage members to 
measure the force along the direction of rotation acting 

30 among the carrier or the retainer ring and the head 
body, wherein the polishing resistance received by the 
retainer ring is calculated with a computing unit using 
the measured value from the sensor while the back- 
pressure of the polishing object is released by reducing 

35 the inner pressure of the space using the pressure 
adjustment mechanism, thereby sensing the surface 
state of the polishing pad. 

[0101] In the method for sensing the polished sate 
according to the present invention, the polishing object 

40 is polished by allowing the polishing head to contact the 
polishing pad, and the back-pressure on the polishing 
object via the. elastic membrane is released by reducing 
the inner pressure below, for example, the atmospheric 
pressure using the pressure adjustment mechanism 

45 while continuing polishing. Since only the retainer ring is 
pressed onto the polishing pad by the procedure above, 
the polishing resistance applied on the retainer ring is 
calculated from the value of the force along the direction 
of rotation acting on the engage member measured by 

50 the sensor. 

[0102] Since the polishing resistance level applied 
on the retainer ring under the same condition as polish- 
ing the polishing object may be directly detemilned In 
the method for sensing the polished state according to 

55 the present Invention, the timing for adjusting the sur- 
face of the polishing pad may be determined. A counter- 
measure depending on the circumstances may be also 
selected when the polishing ability of the polishing pad 



11 



21 



EP 1 080 841 A2 



22 



has been deteriorated. v 
[0103] Since the level of the polishing resistance 
applied on the retainer ring remains within a given range 
so long as the surface state of the polishing pad is not 
changed, the surface state of the polishing pad may be 
sensed based on fluctuation of the polishing resistance. 
The state of the dresser for dressing the polishing pad 
may be also sensed from the surface state of the polish- 
ing pad. Since the state of the dresser to be used for 
dressing the polishing pad is simultaneously sensed as 
described above, the timing of exchanging the dresser 
may be sensed while selecting a countermeasure 
depending on the circumstances when the dressing 
ability of the dresser has been deteriorated. As a result, 
the polishing object may be polished under an appropri- 
ate polishing condition. 

[0104] Since the poPishing resistance applied on the 
retainer ring is measured merely by decreasing the 
inner pressure of the space using the pressure adjust- 
ment mechanism in the method for sensing the polished 
state according to the present invention, the measure- 
ment may be readily carried out even when the polish- 
ing object is being polished. Variation of the polishing 
resistance from the initial state may be also determined 
by a measurement of the polishing resistance at an 
appropriate timing from the initial state of polishing. 
[0105] A different object of the present invention is 
to provide a polishing head having a small mounting 
space. 

[0106] For attaining the above object, the present 
invention provides in a different aspect a polishing head 
to be used for a polishing apparatus for polishing a pol- 
ishing object by allowing one face of the polishing object 
to contact a polishing pad adhered on a platen followed 
by a relative movement between the polishing pad and 
the polishing object, and for retaining the polishing 
object to allow it to contact the polishing pad, compris- 
ing: a head body comprising an upper mounting plate 
and a cylindrical circumference wall provided at down- 
ward of the outer circumference of the upper mounting 
plate, a diaphragm expanded in the head body, a float- 
ing member for retaining the polishing object provided 
on the diaphragm so as to be able to displace toward 
the head axis line direction together with the diaphragm, 
and a first pressure adjustment mechanism for adjust- 
ing the inner pressure of a fluid chamber formed by 
being divided from the outside by the diaphragm pro- 
vided between the head body and the floating member, 
wherein the floating member is provided to be approxi- 
mately in concentric relation to the head body and 
formed into an approximate disk-shape having an outer 
diameter larger than the outer diameter of the head 
body. 

[0107] In the polishing head so configured as 
described above, the floating member retaining the pol- 
ishing object has a larger outer diameter than the outer 
diameter of the head body. Consequently, the mounting 
space of the polishing head may be reduced by elimi- 



nating an overhang of the polishing head outside of the 
polishing object 

[0108] A gap communicating with the outside is 
formed between the floating member and the head body 

5 in the conventional polishing head, for the convenience 
of supporting the floating member with the diaphragm in 
a floating manner relative to the head body (a gap is 
also formed between the carrier and the retainer ring 
when the floating member is composed of the carrier 

10 and the retainer ring to independently attach them on 
the diaphragm). Abrasive particles and other foreign 
substances on the polishing pad may be sucked into the 
gap since the inner pressure changes due to volume 
changes caused by defonmation of the diaphragm, 

IS when the floating member travels relative to the head 
body. Abrasive particles and other foreign substances 
may be also sucked into the gap by a capillary phenom- 
enon. Solids and seml-soltds may be formed due to 
deterioration of abrasives while polishing is going on, 

20 and the abrasive and other foreign substances are dis- 
charged on the polishing pad again to generate dam- 
ages such as scratches on the polishing object, to 
worsen polishing rate, or to cause inhibition of uniform 
polishing. Consequently, a periodic disassembling and 

25 cleaning have been necessary in the conventional pol- 
ishing head. 

[0109] In the polishing head according to the 
present invention, on the other hand, the gap formed by 
the floating structure (a gap caused by volume change 

30 accompanied by travel of the floating member) is 
formed between the upper face of the floating member 
and the head body, and is located a distance apart from 
the polishing pad. Since the gap between the opening of 
the gap and the polishing pad is blocked by the periph- 

35 ery of the floating member, foreign substances are 
hardly sucked into the gap. 

[0110] The procedure above makes the polishing 
object to be rarely damaged by scratches and the like, 
while enabling serviceability ratio of the polishing appa- 

40 ratus to be improved since the cleaning frequency of the 
polishing head after removing the floating member from 
the head body may be reduced. 
[0111] According to the polishing head so config- 
ured as described above, and the polishing apparatus 

45 using the polishing head, the mounting space of the pol- 
ishing area may be reduced by eliminating overhang of 
the polishing head outside of the polishing object, 
because the floating member retaining the polishing 
object has a larger outer diameter than the outer diam- 

50 eter of the head body. 

[0112] The gap fomied by the floating structure is 
formed between the upper face of the floating member 
and the head body, and is located with a distance apart 
from the polishing pad. Since the gap between the 

55 opening of the gap and the polishing pad is blocked with 
the periphery of the floating member, foreign sub- 
stances are hardly sucked into the gap. 
[0113] Consequently, the polishing object is 
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scarcely damaged by scratches and the like, while ena- 
bling serviceability ratio of the polishing apparatus to be 
improved since the cleaning frequency of the polishing 
head after removing the floating member from the head 
body may be reduced. 

[0114] A different object of the present invention is 
to provide a polishing head being easy in maintenance 
and being able sen^iceability ratio to be improved. It is 
also the object of the present invention to provide a pol- 
ishing head that is able to assure machining accuracy of 
the polishing object. 

[0115] For attaining the object above, the present 
invention provides In a different aspect a polishing head 
to be used for a polishing apparatus for polishing a pol- 
ishing object by allowing one face of the polishing object 
to contact a polishing pad adhered on a platen followed 
by a relative movement between the polishing pad and 
the polishing object, and for retaining the polishing 
object to allow it to contact the polishing pad, compris- 
ing: a head body comprising an upper mounting plate 
and a cylindrical circumference wall provided at down- 
ward of the outer circumference of the upper mounting 
plate; a diaphragm expanded in the head body; a float- 
ing member provided on the diaphragm to be able to 
displace along the head axis line direction together with 
the diaphragm for retaining the polishing object; and a 
first pressure adjustment mechanism for adjusting the 
inner pressure of a fluid chamber formed by being 
divided from outside between the head body and the 
floating member, a rigid intenmediate member being 
inserted between the diaphragm and the floating mem- 
ber, and the floating member being attached to be 
attachable to and detachable from the Intermediate 
member. 

[0116] According to the polishing head so config- 
ured as described above, the floating member is 
attached to the diaphragm via an intenmediate member, 
and the floating member is attached to the intermediate 
member so as to be attachable and detachable. Accord- 
ingly, the floating member may be attached and 
detached without disassembling the entire polishing 
head. 

[0117] Since the intennediate member is rigid, 
assembling accuracy of the floating member may be 
improved as compared with the conventional floating 
member directly attached to the flexible diaphragm. 
Assembling accuracy of the floating member can be 
secured by a simple adjustment in reassembling the 
floating member, by assuring assembling accuracy of 
the intermediate member to the diaphragm. 
[01 1 8] When the space between the head body and 
the intermediate member is divided from the outside 
with the diaphragm to form a fluid chamber, for example, 
and the floating member is configured not to participate 
in forming the fluid chamber, it^ Is made possible to 
emphasize the air-tight property of the fluid chamber in 
assembling the Intermediate member to the diaphragm, 
and to emphasize assembling accuracy of the floating 
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member in assembling the floating member to the Inter- 
mediate member 

[0119] The intermediate member may be also uti- 
lized as a spacer for positioning the floating member 

5 toward the head axis line direction. In other words, the 
position of the floating member for retaining the polish- 
ing object may be adjusted by changing the position of 
the floating member relative to the head body along the 
head axis line direction with reference to the thickness 

10 of the polishing object to be polished by replacing the 
intermediate member with an another intermediate 
member having a different thickness. Consequently, a 
polishing object having a different thickness may be 
readily positioned for polishing. 

75 [0120] According to the polishing head of the 
present Invention, the floating member may be easily 
attached and detached without disassembling the entire 
polishing head. Consequently, maintenance of the pol- 
ishing head is easy to enable' serviceability ratio of the 

20 polishing apparatus to be improved. 

[0121] Since assembling accuracy of the floating 
member is assured, the assembling accuracy of the 
floating member may be secured by a simple adjust- 
ment in re-assembllng the floating member, also allow- 

25 ing machining accuracy to be assured. 

[01 22] Since the position of the floating member for 
retaining the polishing object may be adjusted by 
replacing the intemnediate member with an another 
intermediate member having a different thickness, posi- 

30 tioning of a polishing object having a different thickness 
Is made easy. 

[0123] A different object of the present invention is 
to provide a polishing head to which the diaphragm is 
easily assembled. 

35 [0124] For attaining the object above, the present 
invention provides in a different aspect a polishing head 
to be used for a polishing apparatus for polishing a pol- 
ishing object by a relative movement between the pol- 
ishing pad and the polishing object by allowing one face 

40 of the polishing object to contact the polishing pad 
adhered on a platen, and for retaining the polishing 
object to allow it to contact the polishing pad, compris- 
ing: a head body comprising an upper mounting plate 
and a cylindrical circumference wall provided at down- 

45 ward of the upper mounting plate; a diaphragm 
expanded in the head body; a floating member provided 
on the diaphragm so as to be able to displace along the 
head axis line direction together with the diaphragm for 
retaining the polishing object; and a pressure adjust- 

50 ment mechanism for adjusting the inner pressure 
formed by being divided from the outside with the dia- 
phragm between the head body and the floating mem- 
ber, wherein the head body and the floating member 
comprise reference faces for positioning the head body 

55 and the floating member In assembling the diaphragm 
by allowing one reference face to contact the other ref- 
erence face provided on the head body and the floating 
member, respectively. • 
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[0125] According to the polishing head of the 
present invention, the head body and the floating mem- 
ber may be easily positioned for assembling the dia- 
phragm without using any jigs. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0126] 

Rg. 1 is a vertical cross section illustrating the pol- io 
ishing head according to the first embodiment of the 
present invention; 

Rg. 2 is an enlarged vertical cross section in the 
vicinity of the lower face of the wafer showing the 
wafer retained on the polishing head shown in Rg. 75 
1; 

Rg. 3 is an enlarged vertical cross section in the 
vicinity of the lower face of the wafer when the wafer 
is polished using the polishing head shown in Rg. 
1; 20 
Fig. 4 is a vertical cross section illustrating an 
example of an another configuration of the polish- 
ing head according to the first embodiment of the 
present invention; 

Rg. 5 is a vertical cross section illustrating the 25 
wafer polishing head according to the second 
embodiment of the present invention; 
Rg. 6 is an enlarged vertical cross section in the 
vicinity of the lower face of the wafer when the wafer 
is polished using the wafer polishing head shown in 30 
Rg. 5; 

Rg. 7 is a vertical cross section showing the polish- 
ing head according to the third embodiment of the 
present invention; 

Rg. 8 is a drawing of the tip face of the wafer polish- 3S 
ing head illustrating the relation between the elastic 
membrane of the polishing head and the wafer in 
the third embodiment of the present invention; 
Rg. 9 is a vertical cross section of the polishing 
head according to the fourth embodiment of the 40 
present invention; 

Rg. 10A is an enlarged vertical cross section of the 
main part showing the method for sensing the wafer 
(retained) by the polishing head according to the 
fourth embodiment of the present invention; 45 
Fig. 10B is an enlarged vertical cross section of the 
main part showing the method for sensing the wafer 
(not retained) by the polishing head according to 
the fourth embodiment of the present invention; 
Rg. 11 is a vertical cross section showing an so 
another configuration of the polishing head accord- 
ing to the fourth embodiment of the present inven- 
tion; 

Rg. 12A is a drawing of the tip face showing an 
another configuration of the polishing head accord- 55 
ing to the fourth embodiment of the present inven- 
tion; 

Rg. 128 is a drawing of the tip face showing an 
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another configuration of the polishing head accord- 
ing to the fourth embodiment of the present inven- 
tion; 

Rg. 13 is a vertical cross section showing the con- 
figuration and construction of the polishing head 
according to the fourth embodiment of the present 
invention; 

Rg. 14 shows the configuration and construction of 
the polishing head according to the fifth embodi- 
ment of the present invention, and is an enlarged 
drawing of Rg. 13; 

Rg. 15 shows the configuration and construction of 
the polishing head according to the fifth embodi- 
ment of the present invention, and is a cross sec- 
tion viewed along the line A-A in Fig. 14; 
Rg. 16 is a vertical cross section showing the pol- 
ishing head according to the sixth embodiment of 
the present invention; 

Rg. 17 is a vertical cross section showing the pol- 
ishing head according to the seventh embodiment 
of the present invention; 

Rg. 18 shows the polishing head according to the 
seventh embodiment of the present invention, and 
is an enlarged drawing of the main part in Fig. 17; 
Rg. 1 9 is an enlarged vertical cross section of the 
main part showing an another example of the 
assembled configuration to the intermediate mem- 
ber according to the seventh embodiment of the 
present invention; 

Rg. 20 is a vertical cross section showing the pol- 
ishing head according to the eighth embodiment of 
the present invention; 

Rg. 21 is a vertical cross section showing the pol- 
ishing head according to the ninth embodiment of 
the present invention; 

Rg. 22A is a partially enlarged vertical cross sec- 
tion showing the method for assembling the dia- 
phragm in the polishing head according to the ninth 
embodiment of the present invention; 
Rg. 228 shows an enlarged drawing of Rg. 22A; 
Rg. 23 is a vertical cross section showing an 
another example of the polishing head according to 
the ninth embodiment of the present invention; 
Rg. 24A is a partially enlarged vertical cross sec- 
tion showing the construction of the polishing head 
and the method for assembling the diaphragm 
according to the tenth embodiment of the present 
invention; 

Rg. 248 is a partially enlarged vertical cross sec- 
tion showing the construction of the polishing head 
and the method for assembling the diaphragm 
according to the tenth embodiment of the present 
invention; 

Rg. 25 is a perspective view showing the configura- 
tion of the rotation piece to be used for the polishing 
head according to the tenth embodiment of the 
present invention; 

Rg. 26A is a partially enlarged vertical cross sec- 
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tion showing an another example of the structure of 
the polishing head according to the tenth embodi- 
ment of the present invention, and the diaphragm 
assembled In the polishing head; 
Fig. 26B is a partially enlarged vertical cross sec- 
tion showing an another example of the structure of 
the polishing head according to the tenth embodi- 
ment of the present invention, and the diaphragm 
' assembled in the polishing head; 
Fig. 27 is an enlarged vertical cross section of the 
main part showing the conventional polishing appa- 
ratus; 

Fig. 28 is a front view illustrating the conventional 
polishing apparatus; 

Fig. 29 shows a related art according to the present 
invention, and is a vertical cross section showing 
one example of the floating type polishing head via 
the membrane; 

Fig. 30 is an enlarged vertical cross section of the 
main part in Fig. 30; 

Fig. 31 shows a related art according to the present 
invention, and is a vertical cross section showing an 
another example of the floating type polishing head 
via the membrane; 

Fig. 32 is an enlarged vertical cross section of the 
main part in Fig. 31 ; and 

Fig. 33 shows a related art according to the present 
invention, and is a vertical cross section showing 
one example of the wafer polishing head having a 
floating structure. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[First Embodiment] 

[0127] The polishing head according to the first 
embodiment of the present invention will be described 
with reference to the drawings. 

[0128] Fig. 1 shows a vertical cross section show- 
ing the polishing head 61 according to the first embodi- 
ment of the present invention. 

[0129] The polishing head 61 according to the 
present Invention is applied for a polishing apparatus for 
polishing the surface of a semiconductor wafer (simply 
refen^ed as a wafer W hereinafter) cut from a silicon 
ingot. 

[0130] A plurality of the polishing heads 61 are pro- 
vided at the lower part of a carousel 1 1 as a head drive 
mechanism in the polishing apparatus 10 shown, for 
example, in Fig. 28, and is allowed to undergo a plane- 
tary motion on a polishing pad 4 provided on a platen 3 
(the polishing heads 61 may be provided in the polish- 
ing apparatus 1 shown in Fig. 27). 
[0131] As shown in Fig. 1, the polishing heads 61 
mainly comprises a head body 62, a diaphragm 63, a 
carrier 64, and a first and second pressure adjustment 
mechanisms 65 and 66. 
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[0132] The head body 62 comprises an upper 
mounting plate 67 and a cylindrical circumference wall 
68 provided downward of the outer circumference of the 
upper mounting plate 67. The lower end of the head 

5 body 62 is open forming a hollow space, and the upper 
mounting plate 67 is secured in a coaxial relation to a 
shaft (not shown) coupled to the carousel 1 1 . 
[01 33] A step 70 is provided over the entire circum- 
ference of the inner wall 69 of the circumference wall 68 

10 and the diaphragm 63 is secured with a diaphragm fix- 
ing ring 71 on the step 70. The diaphragm 63 is formed 
into an annular disi< using an elastic material such as a 
fiber-reinforced rubber, and vertically disposed against 
the head axis line in the head body 62. 

IS [0134] A carrier 64 comprising a highly rigid mate- 
rial such as a ceramic is formed into a disk with a given 
thickness, and is secured to the diaphragm 63 by 
mearis of a carrier fixing ring 72 provided on the upper 
face of the diaphragm 63. 

20 [0135] A fluid chamber 73 is fonmed between the 
carrier 64 and the head body 62. This fluid chamber 73 
communicates with the first pressure adjustment mech- 
anism 65 via a fluid passage 74. The inner pressure of 
the fluid passage is controlled by feeding a fluid such as 

25 air from the first pressure adjustment mechanism 65. 
[0136] An annular retainer ring 75 is disposed In 
concentric relation to the earner 64 between the lower 
face 64a of the carrier 64 and the inner wall 69 of the cir- 
cumference wall 68. The retainer ring 75 is placed at an 

30 approximately the same elevation as the lower face 64a 
of the carrier 64, and is secured to the can-ier 64 with 
screws 76. 

[0137] An elastic membrane 77 Is placed on the 
lower face 64a of the can-ier 64. The elastic membrane 
35 77 is secured by allowing its circumference edge 77a to 
be sandwiched between the retainer ring 75 and the 
carrier 64, and is expanded with a given tension on the 
lower face 64a of the carrier 64. 

[0138] A pressurizing pocket 78 is formed on the 

40 lower face 64a of the canier 64. The pressurizing pocket . 
78 is configured so that its lower end is covered with the 
elastic membrane 77, and communicate with a fluid 
feed passage 79 fomned in the carrier 64. The fluid feed 
passage 79 is connected to the second pressure adjust- 

45 ment mechanism 66. The elastic membrane 77 is able 
to inflate and deflate toward the vertical direction by 
feeding a fluid such as pressure variable air between 
the elastic membrane 77 and the carrier 64 via the fluid 
feed passage 79 by means of the second pressure 

50 adjustment mechanism 66. 

[01 39] The lower face of the elastic membrane 77 is 
possible to absorb the wafer W as shown In Fig. 1 using 
a vacuum absorption device (not shown) in the polish- 
ing head 61. The wafer W is secured by absorption so 

55 that its outer circumference W1 is blocked with the 
retainer ring 75 as shown in the enlarged drawing 
shown in Rg. 2. The lower face 75a of the retainer ring 
75 is located at slightly downward (0.05 to 1 .00 mm) 
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from the lower face W2 of the absorbed wafer W. 
[01 40] For polishing the wafer W using the polishing 
head 61 (see Fig. 1), the wafer W is at first absorbed on 
the lower face of the elastic membrane 77 by means of 
a vacuum absorption device (not shown), and then the 
lower face of the polishing head 61 is allowed to contact 
the polishing pad 4. Only the lower face 75a of the 
retainer ring 75 contact the polishing pad 4 in this step, 
and the lower face W2 of the wafer W still remains a dis- 
tance apart from the polishing pad 4. 
[0141] Then, compressed air is fed into the fluid 
chamber 73 by driving the first pressure adjustment 
mechanism 65. A pressure by the compressed air Is 
applied onto the carrier 64 from upward, and the 
retainer ring 75 secured on the carrier 64 is pressed 
onto the polishing pad 4 with a given back-pressure. 
The second pressure adjustment mechanism 66 is 
simultaneously driven to send the compressed air 
between the elastic membrane 77 and the can'ier 64. A 
space SP is formed between the elastic membrane 77 
and the canrier64 as shown in Rg. 3. The lower face W2 
of the wafer W is pressed onto the polishing pad 4 by 
the pressure of the compressed air in the space SP. 
[0142] Then, the platen 3 is allowed to rotate and 
the polishing head 61 is allowed to undergo a planetary 
motion to polish the wafer W, while independently 
adjusting the back-pressure of each of the retainer ring 
75 and the wafer W onto the polishing pad 4 to an 
appropriate level by adjusting the inner pressures of the 
fluid chamber 73 and the space SP by means of the first 
and second pressure adjustment mechanisms 65 and 
66, respectively. 

[0143] Since the circumference edge 77a of the 
elastic membrane 77 is secured by being sandwiched 
between the retainer ring 75 and the canier 64 in the 
polishing head 61 described above, the elastic mem- 
brane 77 may be placed, on the lower face 64a of the 
carrier 64 with a given tension. Accordingly, the elastic 
membrane 77 itself is not required to be tough for avoid- 
ing defomnation by the weight of the elastic membrane 
77 itself, as has been seen in the conventional art. 
Since the retainer ring 75 is secured to the canier 64, 
the elastic membrane 77 does not support the weight of 
the retainer ring 75, as has been also seen in the con- 
ventional art. Consequently, a thin membrane (for 
example about 0.1 to 2.0 mm in thickness) having an 
excellent adaptability to defonnation may be used for 
the elastic membrane 77, making it possible to inflate 
and deflate the elastic membrane 77 while maintaining 
adhesive property to the wafer W. Accordingly, the wafer 
W can be uniformly pressed onto the polishing pad 4 at 
a low pressure even when the wafer has an irregular 
surface configuration, making rt possible to polish at a 
lower pressure than the conventional pressure. Since 
the elastic membrane 77 can be placed with a simple 
configuration as described above, the service life of the 
elastic membrane 77 itself is not adversely affected as 
in the conventional art Moreover, since the retainer ring 
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75 is secured to the carrier 64 having a high rigidity, 
planarity of the lower face 75a of the retainer ring 75 
making contact with the polishing pad 4 may be 
improved. Since the polishing accuracy around the 
5 wafer W is in general largely influenced by the planarity 
of the lower face of the retainer ring, a better planarity of 
the polished surface of the wafer W can be favorably 
assured as compared with the conventional art in this 
embodiment, because planarity of the lower face 75a of 
TO the retainer ring 75 is improved. 

[0144] Since the space SP between the elastic 
membrane 77 and the carrier 64 is connected to the 
second pressure adjustment mechanism 66 via the fluid 
feed passage 79 formed on the carrier 64 in the polish- 
is ing head 62. described above, the pressure in the space 
SP can be independently controlled from the pressure 
in the fluid chamber 73. Accordingly, the force for press- 
ing the wafer W onto the polishing pad 4 and the force 
• for pressing the retainer ring 75 onto the polishing pad 4 
20 may be Independently controlled during polishing, 
thereby enabling the polishing pad 4 to be pressed with 
a high pressure by the retainer ring 75 when the back- 
pressure for pressing the wafer W onto the polishing 
pad 4 is lowered. Consequently, the periphery of the 
2S wafer W contacting the polishing pad 4 is prevented 
from being distorted during polishing to enable the pol- 
ishing work to be carried out in good condition. 
[0145] While one embodiment according to the 
present invention has been hitherto described, the 
30 present invention is not restricted to the embodiment 
above, but any configurations may be employed in its 
construction. 

[01 46] For example, the force for pressing the wafer 
W onto the polishing pad 4, and the force for pressing 

35 the retainer ring 75 onto the polishing pad 4 have been 
separately controlled to one another by connecting the 
fluid feed passage 79 to the second pressure adjust- 
ment mechanism 66 in the embodiment above. Other- 
wise, the fluid feed passage 79 may communicate with 

AO the fluid chamber 73 as in the polishing head 61a shown 
in Fig. 4, thereby controlling both of the force for press- 
ing the wafer W onto the polishing pad 4 and the force 
for pressing the retainer ring 75 onto the polishing pad 4 
by the first pressure acljustment mechanism 65. 

45 [0147] Alternatively, the polishing head 61 accord- 
ing to the embodiment above or its modification 61a 
may be used for polishing the semiconductor wafer in 
the semiconductor manufacturing process. 
[0148] As described previously, semiconductor pat- 

so terns has been made fine in compliance with high inte- 
gration of the apparatus in the semiconductor 
manufacturing process in the recent years. This trend In 
particular requires fine patterns of a multilayer structure 
to be easily and securely formed. Consequently, an art 

55 for polishing the semiconductor wafer under a low back- 
pressure has been desired. 

[01 49] When a semiconductor wafer comprising a 
multilayer structure formed by a combination of various 
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materials such as copper as a wiring material, a Low-k 
material, and a ceramic such as TaC, Ta and TiN (a bar- 
rier metal) is polished by the CM P method while the wir- 
ing width is narrowed as described above, polished 
state inevitably changes during polishing due to differ- 
ence of rigidity among the materials. Consequently, the 
effect of change of the polished state should be mini- 
mized by reducing the back-pressure against the semi- 
conductor wafer. 

[0150] However, polishing at a low pressure is 
made possible using the polishing head 61 or 61a as 
described above. Therefore, the polishing head may be 
favorably used in the semiconductor manufacturing 
process since it can comply with the requirement of low; 
ering the polishing pressure. 

[Second Embodiment] 

[0151] While the second embodiment according to 
the present invention is described hereinafter with refer- 
ence to the drawings, the same reference numerals as 
used in the first embodiment are assigned to the same 
or simitar elements in the second embodiments, and 
their explanations are omitted. Rg. 5 shows a vertical 
cross section of the polishing head 81 according to the 
second embodiment of the present invention. 
[0152] As shown in Fig. 5, the polishing head 81 is 
mainly comprises a head body 62, a diaphragm 63, a 
earner 82, and first and second pressure adjustment 
mechanisms 65 and 66. 

[0153] The head body 62 comprises an upper 
mounting plate 67, and a cylindrical circumference wall 
68 provided at downward of the outer circumference of 
the upper mounting plate 67. The upper mounting plate 
67 I secured in concentric relation to a shaft (not shown) 
is coupled to a carousel 11 (see Fig. 28; the polishing 
head 81 may be provided on the polishing apparatus 1 
shown in Fig. 27). 

[0154] A step 70 is provided over the entire circum- 
ference on the inner wall 69 of the circumference wall 
68, and a diaphragm 63 is secured with a diaphragm fix- 
ing ring 71 on the step 70. 

[0155] A carrier 82 comprising a rigid material such 
as a ceramic is formed into a disk with a given thick- 
ness. The carrier 82 is secured to the diaphragm 63 with 
a diaphragm fixing ring 72 provided on the upper face of 
the diaphragm 63. 

[0156] A fluid chamber 73 is formed between the 
diaphragm 63 and the head body 62. The fluid chamber 
73 communicates with the first pressure adjustment 
mechanism 65 via a fluid passage 74 so as to adjust the 
inner pressure by feeding a fluid such as air. 
[0157] An annular retainer ring 83 is disposed in a 
concentric relation to the carrier 82 between the outer 
circumference of the earner 82 and the inner wall 69 of 
the circumference wall 68. The retainer ring 83 Is 
secured to the diaphragm 63 with a retainer fixing ring 
84. 



[0158] An elastic membrane 85 is placed in the 
area sunx^unded by the retainer ring 83 on the lower 
face 82a of the carrier 82. The circumference edge 85a 
of the elastic membrane 85 is adhered and secured to 
5 the side face of the carrier 82 with screws 86, and is 
expanded over the lower face 82a of the carrier 82 with 
a given tension. 

[0159] A pressurizing pocket 78 is fomned on the 
lower face 82a of the carrier82. The pressurizing pocket 

10 78 is configured so that its lower end is covered with the 
elastic membrane 85, and communicate with a fluid 
feed passage 79 formed in the carrier 82. The fluid feed 
passage 79 is connected to the second pressure adjust- 
ment mechanism 66, and the elastic membrane 85 is 

IS allowed to vertically inflate and deflate by feeding a fluid 
such as pressure variable air between the elastic mem- 
brane 85 and the carrier 82 via the fluid feed passage 
79 using the second pressure adjustment mechanism 
66. 

20 [0160] The wafer W is able to be absorbed on the 
lower face of the elastic membrane 85 as shown in Rg. 
5 by means of a vacuum absorption device (not shown) 
in the polishing head 81 . The wafer W is absorbed while 
its outer circumference W1 is blocked with the retainer 

25 ring 83. The lower face 83a of the retainer ring 83 is 
located a slightly downward (0.05 to 1 .00 mm) of the 
lower face W2 of the absorbed wafer W. 
[01 61 ] For polishing the wafer W using the polishing 
head 81, the wafer W is at first absorbed on the lower 

30 face of the elastic membrane 85 using a vacuum 
absorption device (not shown), and then the lower face 
of the polishing head 81 is allowed to contact the polish- 
ing pad 4. Only the lower face 83a of the retainer ring 83 
contacts the polishing pad 4 in this step, and the lower 

35 face W2 of the wafer W remains a distance apart from 
the polishing pad 4. 

[0162] Then, compressed air is fed into the fluid 
chamber 73 by driving the first pressure adjustment 
mechanism 65. As a result, a pressure from the com- 

40 pressed air is applied from upward of the diaphragm 63 
to press the retainer ring 83 secured to the diaphragm 
63 onto the polishing pad 4 with a given back-pressure. 
Simultaneously, the compressed air is sent between the 
elastic membrane 85 and the carrier 82 by driving the 

45 second pressure adjustment mechanism 66, thereby 
fonning a space SP between the elastic membrane 85 
and the carrier 82. The lower face W2 of the wafer W is 
pressed onto the polishing pad 4 by the pressure of the 
compressed air in the space SR 

50 [0163] The wafer W is polished by allowing the 
platen 3 to rotate and the polishing head 81 to undergo 
a planetary motion while independently adjusting the 
back-pressures of the retainer ring 83 and the wafer W 
onto the polishing pad 4 to an appropriate level, respec- 

55 lively, by adjusting the inner pressure of the fluid cham- 
ber 73 and the space SP with the first and second 
pressure adjustment mechanisms 65 and 66, respec- 
tively. 



17 




33 

[0164] The elastic membrane 85 is expanded over 
the area surrounded by the retainer ring 83 on the lower 
face 82a of the carrier 82 in the polishing head 81 
described above. The fluid passage 79 for feeding a 
fluid between the lower face 82a of the carrier 82 and 
the elastic membrane 85 is provided in the carrier 82, 
and the second pressure adjustment mechanism 66 for 
adjusting the pressure of the fluid fed between the lower 
face 82a of the carrier 82 and the elastic membrane 85 
is connected to the fluid feed passage 79. Conse- 
quently, the wafer W retained on the lower face of the 
elastic membrane 85 can be pressed onto the polishing 
pad 4 by feeding the air (a fluid) between the carrier 82 
and the elastic membrane 85 to form the space SP, and 
by adjusting the inner pressure of the space SP with the 
second pressure adjustment mechanism 66. Since the 
elastic membrane 85 and the space SP are deformed 
following the planar configuration of the wafer W. irregu- 
larity of the surface of the wafer W is relaxed by the 
space SP to press the wafer onto the polishing pad, 
thereby allowing the wafer to be accurately pressed. 
Consequently, decrease of the polishing accuracy due 
to in-egular configuration of the surface of the wafer W 
can be prevented. 

[01 65] While the force for pressing the wafer W onto 
the polishing pad 4 is determined by the fluid pressure 
in the space SP, the force for pressing the retainer ring 
83 onto the polishing pad 4 is detemnined by the fluid 
pressure in the fluid chamber 17. Accordingly, the force 
for pressing the retainer ring 83 onto the polishing pad 
4, and the force for pressing the wafer W onto the pol- 
ishing pad 4, may be independently controlled with the 
first pressure adjustment mechanism 65 and the sec- 
ond pressure adjustment mechanism 66, respectively. 
[0166] Therefore, the retainer ring 83 can be 
pressed onto the polishing pad 4 with a higher pressure 
using the first pressure adjustment mechanism 65, 
while the pressure for pressing the wafer W onto the 
polishing pad 4 is remained low. Consequently, the 
periphery of the wafer W contacting the polishing pad 4 
is protected from being distorted during polishing by 
aggressively utilizing the retainer ring 83 to further 
improve polishing accuracy. 

[Third Embodiment] 

[0167] While the third embodiment according to the 
present invention is described hereinafter with refer- 
ence to the drawings, the same reference numerals as 
used in the first and second embodiments are assigned 
to the same or similar elements in the third embodi- 
ments, and their explanations are omitted. Fig. 7 shows 
a vertical cross section of the polishing head according 
to the third embodiment of the present invention. 
[0168] The polishing apparatus according to the 
present invention comprises almost the same configu- 
ration as the conventional polishing apparatus 1 shown 
in Fig. 27, wherein the polishing head 91 according to 



the present invention is used in the polishing apparatus 
(the polishing head 91 may be used in the polishing 
apparatus 10 shown in Rg. 28). 

[0169] The polishing head 91 shown in Fig. 7 com- 

5 prises a head body 62 comprising an upper mounting 
plate 67 and a cylindrical circumference wall 68, a dia- 
phragm 63 expanded in the head body 62, an approxi- 
mately disk-shaped carrier 64 secured on the lower face 
of the diaphragm 63, and an annular retainer ring 75 

10 provided by being located between the lower part of the 
outer circumference of the carrier 64 and inner wall of 
the circumference wall 68. These carrier 64 and retainer 
ring 75 assumes a floating structure that is made mova- 
ble toward the head axis line direction by elastic defor- 

15 mation of the diaphragm 63. 

[0170] The upper mounting plate 67 of the head 
body 62 is secured to a shaft 92 as a coupling part for 
coupling to an arm (not shown) in the polishing appara- 
tus, and firct and second fluid passages 93a and 93b 

20 are vertically formed in the shaft 92. A step 70 is formed 
over the entire circumference on the lower part of the 
inner wall of the circumference wall 68. The diaphragm 
63 is secured on the step 70 formed on the inner wall of 
the circumference wall 68 with a diaphragm fixing ring 

25 71. 

[0171] A fluid chamber 73 is formed upward of the 
diaphragm 63 in the head body 62, and communicates 
with the first fluid passage 93a fomried in the shaft 92. 
The pressure in the fluid chamber 73 is adjusted by 
30 feeding a fluid such as air from the first pressure adjust- 
ment mechanism 65 through the first fluid passage 93a 
into the fluid chamber 73. 

[0172] A tubing 94 for connecting the second fluid 
passage 93b fomned in the shaft 92 and the fluid feed 

35 passage 79 provided in the carrier 64 are provided in 
the fluid chamber 73. The tubing 94 comprises a flexible 
material, and is provided with an appropriate looseness 
to permit defonnation of the carrier 64 along the head 
axis line direction accompanied by deformation of the 

40 diaphragm 63. 

[01 73] The carrier 64 is formed of an approximately 
disl<-shaped material, and is secured on the diaphragm 
63 with a carrier fixing ring 72 provided on the upper 
face of the diaphragm 63. A flange 64b is provided over 

45 the entire outer circumference of the carrier 64, a pres- 
surizing pocket 78 as an approximately circular recess 
is provided at the center of the carrier, and the remain- 
ing portion of the carrier has a constant thickness. The 
fluid passage 79 communicating from the pressurizing 

50 pocket 78 to the earner 64 is formed in the carrier 64. 
The fluid passage 79 is connected to the second pres- 
sure adjustment mechanism 66 through the tubing 94 
provided in the fluid chamber 73, the second fluid pas- 
sage 93b on the upper mounting plate 67 of the head 

55 body 62, and a fluid passage 74 to be described herein- 
after. 

[0174] The retainer ring 75 is a member formed into 
an approximately annular shape, and is attached on the 
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lower face of the flange 64b of the carrier 64 in concen- 
tric relation to the circumference wall 68 and carrier 64 
with a slight gap between the Inner wall of the circunnfer- 
ence wall 68 and the outer circumference of the carrier 
64. The upper end face and the lower end face of the 
retainer ring 75 is horizontally formed, and the lower 
face is provided by projecting out of the lower face of the 
cannier 64 so that it contact the polishing pad 4 during 
polishing. The degree of projection of the retainer ring 
75 relative to the lower face of the carrier 64 is made to 
be adjustable by, for example, inserting a shim between 
the retainer ring and the flange 64b of the carrier 64. 
[0175] The elastic membrane 95 forming the space 
SP by dividing the pressurizing pocket 78 from the out- 
side is expanded on the lower face of the carrier 64. The 
elastic membrane 95 is made of an approximately circu- 
lar member such as GORETEX (trade name) compris- 
ing a gas-permeable and water proof material that 
permits permeation of a gas but prohibits permeation of 
a liquid. The membrane is attached to be airtight to the 
can-ier 64 by Inserting its outer circumference edge 
between the lower face of the flange 64b of the carrier 
64 and the upper face of the retainer ring 75. 
[0176] The outer circumference portion of the elas- 
tic membrane 95 is formed to be an airtight portion 95 
including the portion receiving the outer circumference 
portion of the wafer W. Suppose the depth D1 of the 
positioning notch N provided on the wafer W be, for 
example, about 1.5 to 2.0 mm, then an overiapping 
width D2 of about 3.0 mm Is secured between the air- 
tight portion 95 and the outer circumference portion of 
the wafer W. The method for forming the airtight portion 
95a on the elastic membrane 95 comprises applying a 
filling processing on the outer circumference portion of 
the elastic membrane 95 by rubber or a resign coating, 
adhering a sheet comprising an airtight material on the 
outer circumference portion (a lamination processing), 
or constructing only the inner circumference portion of 
the elastic membrane 95 with a gas-permeable and 
waterproof material while constructing the outer circum- 
ference portion with an airtight material.^ 
[0177] The second pressure adjustment mecha- 
nism 66 is connected to the second fluid passage 93b 
formed in the shaft 92 of the head body 62 through the 
fluid passage 74, and adjusts the inner pressure by 
feeding or sucking a gas into or from the space (the 
upper face side of the elastic membrane 95) including 
the space SP between the carrier 64 arid the elastic 
membrane 95. 

[0178] A pressure gauge 96 for measuring the inner 
pressure of the fluid passage 74 (substantially, the inner 
pressure of the space SP) is provided in the fluid pas- 
sage 74. 

[0179] ' A wafer sensing device 97 is connected to 
the pressure gauge 96. The wafer sensing device 97 
compares the measured value V of the pressure gauge 
96 with reference pressures Vs and Vv measured when 
the second pressure adjustment mechanism 66 is sup- 



plying to and sucking from the air, respectively. Whether 
the wafer W is at least either not properly retained or the 
wafer W is cracked is sensed by deciding that the meas- 
ured value V is not attained to the respective reference 

5 pressures. The reference pressure as used herein is the 
attained inner pressure of the space SP when the wafer 
W is at least properly retained and the wafer W is not 
cracked. The reference pressure Vs corresponds to the 
pressure when the gas is being fed, and the reference 

10 pressure Vv corresponds to the pressure when the gas 
is being sucked. These reference pressures may be 
either experimentally determined, or by a an analysis 
method from the minimum attainable pressure for 
absorbing or pressing the wafer W. 

15 [0180] The polishing head 91 so configured as 
described above is coupled to the polishing apparatus 
by attaching its shaft 92 to a spindle (not shown). 
[0181] The wafer W is polished using the polishing 
head 91 as follows. 

20 [0182] At first, the wafer W is brought into contact 
with the elastic membrane 95 provided on the lower 
face of the carrier 64 by means of a loading apparatus 
(not shown), and then the inner pressure of the space 
SP IS reduced below the atmospheric pressure using 

25 the second pressure adjustment mechanism 66. Since 
the elastic membrane 95 permits gas permeation, the 
air between the wafer W and the elastic membrane 95 is 
sucked through the elastic membrane 95 to allow the 
wafer W to be absorbed on the lower surface of the 

30 elastic membrane 95. 

[0183] When the wafer W is not properly retained 
on the polishing head 91 , the atmospheric air flows into 
the space SP through the gap formed between the elas- 
tic membrane 95 and the wafer W. Consequently, the 

35 inner pressure is not decreased to the reference pres- 
sure Vv when the second pressure adjustment mecha- 
nism 66 is sucking. Accordingly, the wafer W is decided 
to be properly retained on the polishing head 91 when 
the measured value V does not attain the reference 

40 pressure Vv, after measuring the attained inner pres- 
sure of the space Sp with the pressure gauge 96 fol- 
lowed by comparing the measured value V of the 
pressure gauge 96 with the reference pressure Vv by 
means of the wafer detector 97. When the wafer W is 

45 not properly retained, retention of the wafer W on the 
polishing head 91 is corrected to a proper level by 
repeating the absorption operation again so that the 
wafer W is not polished without properly retaining it, or 
so that the wafer W is not dropped during transfer of the 

50 wafer. 

[0184] Since the airtight portion 95a Is provided at 
the outer circumference of the elastic membrane 95, 
leak of the gas (air) from the portion receiving the outer 
circumference portion of the wafer W is prevented or 
55 reduced when the wafer W is properly retained, permit- 
ting favorable retention of the wafer W. Since the attain- 
able inner pressure in the space SP largely differs when 
the wafer W is properly retained or when it is not 
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retained, more accurate sensing whether the wafer W is 
properly retained or not is enabled. 
[0185] Then, the wafer W is transferred onto the 
polishing pad 4 by allowing the wafer polishing pad 91 to 
travel with an amn (not shown) to allow the wafer W to 
contact the polishing pad 4. The wafer W comes in con- 
tact with the polishing pad 4 whose surface is adhered 
on the platen 3 while the periphery of the wafer W is 
blocked by the retainer ring 75. 

[0186] Any materials that has been used for polish- 
ing the wafer may be also used for the polishing pad 4. 
The materials available comprises, for example, a 
velourtype pad prepared by impregnating a non-woven 
fabric comprising polyester with a soft resign such as a 
polyurethane resign, a suede type pad prepared by 
forming a resign foam layer comprising polyurethane 
foam on a base non-woven fabric made of polyester, 
and a resign foam sheet comprising Isolated poly- 
urethane foams. 

[0187] The platen 3 is allowed to revolve and the 
polishing head 91 is allowed to rotate while controlling 
the pressure for pressing the wafer W onto the polishing 
pad 4 by the back-pressure of the carrier 64 and the 
retainer ring 75 onto the polishing pad 4, and by the gas 
pressure applied on the upper face of the wafer W by 
means of the second pressure adjustment mechanism 
66. Simultaneously, the wafer is polished by feeding a 
slurry S on the surface of the polishing pad 4 and on the 
surface of the wafer W to be polished. 
[0188] The pressing force by the second pressure 
adjustment mechanism 66 is generated by allowing the 
gas fed into the space including the space SP between 
the elastic membrane 95 and the carrier 64 to directly 
press the upper face of the wafer W through the elastic 
membrane 95. Since the airtight portion 95a is provided 
at the circumference of the elastic membrane 95, leak of 
the gas from the portion receiving the outer circumfer- 
ence of the wafer W is blocked or reduced to allow the 
entire surface of the wafer W to be pressed with a uni- 
form pressure onto the polishing pad 4. 
[0189] When the wafer is out of the polishing head 
91 . or when the wafer W is cracked, during polishing the 
wafer W, the gas fed from the second pressure adjust- 
ment mechanism 66 leaks out through the gap between 
the wafer W and the elastic membrane 95, or through 
the crack on the wafer W. As a result, the inner pressure 
in the space SP does not increase to the reference 
pressure Vs during feed of the gas. Consequently, the 
wafer W is decided whether it is not property retained on 
the polishing head 91 , or the wafer W is cracked, when 
the measured value V has not attained the reference 
pressure Vs by comparing the measured value V by the 
pressure gauge 96 with the reference pressure Vs using 
the wafer detector 97 after measuring the attained inner 
pressure in the space SP with the pressure gauge 96. 
When the measured value V has not attained the refer- 
ence pressure Vs, operation of the polishing apparatus 
is halted to prevent the wafer W fallen down from the 



polishing pad 91 from being thrown off from the polish- 
ing pad 4. or the debris of the cracked wafer W from 
scattering. 

[0190] The polishing work is resumed after allowing 

5 the wafer W to be properiy retained on the polishing 
head 91 when the wafer W has been decided not to be 
properly retained. When the wafer W is cracked, the pol- 
ishing work is resumed starting from the step for allow- 
ing a fresh wafer W to absorb after removing the debris 

10 of the wafer W on the polishing apparatus. 

[0191] The wafer W is absorbed by the polishing 
head 91 for can7ing the wafer that has been polished 
out of the polishing pad 4 as described previously. The 
wafer W may be sensed whether it is properly retained 

15 or not as described above. Accordingly, the operation of 
the polishing pad is hatted when the wafer W has been 
detected to be left behind on the polishing pad 4, in 
order to prevent the wafer W that has come out of the 
polishing head 91 from being thrown off from the polish- 

20 ing pad 4. The transfer operation of the wafer W is 
resumed after allowing the wafer W to be properly 
retained on the polishing head 91. 
[0192] The atmospheric air is sucked by the pres- 
sure adjustment mechanism 66 through the elastic 

25 membrane 95 while the tip of the head and the wafer W 
contact the polishing head 4. IHowever, since the elastic 
membrane 95 only pemriits the air to pass through, for- 
eign substances such as the slurry S are not sucked 
into the polishing head 91 , irrespective of whether the 

30 wafer W is properly retained or not. 

[0193] According to the polishing head 91 and the 
polishing apparatus using the polishing head so config- 
ured as described above, whether the wafer W is prop- 
erly retained or not, or whether the wafer W is cracked 

35 or not, may be sensed over the entire work area for 
transfen-ing the wafer W, and for polishing the wafer W, 
while polishing head 91 operates under a good condi- 
tion by blocking the slurry from invading into the polish- 
ing head 91. 

40 [0194] When the wafer W is properly retained, leak 
of the gas (including air) at the portion receiving the 
periphery of the wafer W is prevented or reduced. 
Therefore, the entire surface of the wafer W may be 
pressed onto the polishing pad 4 during polishing the 

45 wafer to improve machining accuracy of the wafer W. 
Also, the wafer W is securely retained by allowing the 
suction pressure of the second pressure adjustment 
mechanism 66 to effect during absorption of the wafer 
W. 

50 [01 95] Whether the wafer W is properly retained or 
not can be more accurately sensed from the large differ- 
ence of the attained inner pressure of the space SP. 
[01 96] The effects as described above may be real- 
ized without providing complex mechanisms in the pol- 

55 ishing head 91 to enable the facility cost to be reduced. 
[0197] In the embodiment as set forth above, the 
pressurizing pocket 78 connected to the second pres- 
sure adjustment mechanism 66 via the fluid feed pas- 
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sage 79 is provided at near the center of the canier 64, 
and the space SP is fomned between the pressurizing 
pocket 78 and the elastic membrane 95. However, the 
present invention is not restricted to the embodiment as 
set forth herein, but the position and configuration of the 
pressurizing pocket 78 may be arbitrarily selected, or 
the pressurizing pocket 78 may be removed. Alterna- 
tively, the air may be directly fed to and sucked from the 
entire lower face of the carrier 64 by providing a shunt at 
the lower end of the fluid feed passage 79 after eliminat- 
ing the pressurizing pocket 78. 

[Fourth Embodiment] 

[0198] While the fourth embodiment according to 
the present invention is described hereinafter with refer- 
ence to the drawings, the same reference numerals as 
used in the first to third ernbodiments are assigned to 
the same or similar elements in the fourth embodi- 
ments, and their explanations are omitted. Fig. 9 shows 
a vertical cross section of the polishing head according 
to the fourth embodiment of the present invention. The 
polishing apparatus according to the present invention 
is constructed to be approximately similar to the con- 
ventional polishing apparatus 1 shown in Rg. 27, and 
the polishing head 101 according to the present inven- 
tion is also used herein (the polishing head 101 may be 
used in the polishing apparatus 10 shown in Fig. 28). 
[0199] In Fig. 9, the polishing head 101 according to 
the present invention comprises a head body 62 com- 
prising an upper mounting plate 67 and a cylindrical cir- 
cunnference wall 68, a diaphragm 63 expanded in the 
head body 62, an approximately disk-shaped carrier 64 
secured on the lower face of the diaphragm 63, and an 
annular retainer ring 75 located between the circumfer- 
ence wall 68 and the inner wall. The carrier 64 and the 
retainer ring 75 has a floating structure movable toward 
the head axis line direction by elastic deformation of the 
diaphragm 63. 

[0200] The upper mounting plate 67 of the head 
body 62 is secured in concentric relation to the shaft 92 
as a coupling member for coupling with an arm (not 
shown) of the polishing apparatus. First and second 
fluid passages 93a and 93b, and a wiring insertion pas- 
sage 102 are formed along the vertical direction in the 
shaft 92. An exterior thread is formed, for example, on 
the outer circumference of the shaft 92, which is cou- 
pled to the amn by screwing into a spindle (not shown) 
provided on the ami (connection between the shaft 92 
and the arm is not restricted to the structure above, but 
they may be coupled to one another by arbitrary meth- 
ods). A step 70 is formed over the entire circumference 
on the lower part of the inner wall of the circumference 
wall 68. 

[0201] The diaphragm 63 is secured on the step 70 
formed on the lower part of the inner wall of the circum- 
ference wall 68 with a diaphragm fixing ring 71. 
[0202] A fluid chamber 73 is formed upward of the 



40 

diaphragm 63 in the head body 62, and communicates 
with the first fiuid passage 93a and the wiring insertion 
passage 102 formed in the shaft 92. The pressure in the 
fluid chamber 73 is adjusted by feeding a fluid such as 
5 air into the fluid chamber 73 from the first pressure 
adjustment mechanism 65 through the first fluid pas- 
sage 93a. 

[0203] A tubing 94 for connecting the second fluid 
passage 93b fomned in the shaft 92 to the fluid feed 
10 passage 79 provided in the carrier 64 is provided in the 
fluid chamber 73. 

[0204] The carrier 64 is secured to the diaphragm 
63 with a earner fixing ring 72 provided on the upper 
face of the diaphragm 63. A pressurizing pocket 78 as 

15 an approximately circular recess is provided at the 
center of the lower face of the carrier 64. A fluid feed 
passage 79 communicating with the carrier 64 is fornied 
at near the center of the pressurizing pocket 78. The 
fluid feed passage 79 is connected to the second pres- 

20 sure adjustment mechanism 66 through the tubing 94 
provided in the fluid chamber 73 and the second fluid 
passage 93b of the upper mounting plate 67 in the head 
body 62. 

[0205] An elastic membrane 77 (a flexible member) 
25 for forming a space SP by dividing a pressurizing pocket 
78 from the outside is expanded over the lower face of 
the carrier 64, 

[0206] The elastic membrane 77 is attached to be 
airtight to the carrier 64 by inserting Its outer circumfer- 

30 ence edge between the lower face of a flange 64b of the 
carrier 64 and the upper face of the retainer ring 75. 
[0207] A differential pressure measuring device 1 03 
for measuring the differential pressure between the 
inner pressure of the space SP at the outer circumfer- 

35 ence of the pressurizing pocket 78 and the inner pres- 
sure in the fluid feed passage 79 is provided on the 
carrier 64. 

[0208] The differential pressure measuring device 
103 comprises a communication hole 104 for connect- 

40- ing the outer circumference side of the pressurizing 
pocket 78 to the fluid feed passage 79, and a differential 
pressure gauge 105 for measuring the differential pres- 
sure between the two compartments formed by dividing 
the communication hole 104 into the fluid feed passage 

45 79 side from the outer circumference side of the pressu- 
rizing pocket 78. 

[0209] A wafer sensing device 106 is connected to 
the differential pressure gauge 105 through the wiring 
Insertion passage 102 provided on the upper mounting 

so plate 67 of the head body 62. The wafer sensing device 
106 decides that the wafer W is not retained on the pol- 
ishing head 101 by receiving a signal indicating that the 
differential pressure gauge sensed a differential pres- 
sure, and that the wafer W is retained on the polishing 

55 head 101 by receiving a signal indicating that the differ- 
ential pressure gauge did not sensed a differential pres- 
sure. 

[0210] The second pressure acQustment mecha- 
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nism 66 adjusts the inner pressure of a space by feed- 
ing or withdrawing a fluid to the space between the 
earner 64 including the space SP and the elastic mem- 
brane 77. 

[0211] The second pressure adjustment mecha- 5 
nism 66 depresses the elastic membrane 77 toward the 
pressurizing pocket 78 as shown in Rg. 1 0A by lowering 
the inner pressure of the space SP below the atmos- 
pheric pressure while the lower face of the membrane 
36 is allowed to be adhered on the wafer W. A space w 
Spa having a lower inner pressure than the atmospheric 
pressure is created between the elastic membrane 77 
and the wafer W to allow the elastic membrane 77 to 
serve as a suction cup. 

[0212] Elasticity of the elastic membrane is is 
adjusted so that the elastic membrane 77 is only 
deformed to an extent not to dose the fluid feed pas- 
sage 79 as shown in Fig. 10A when the wafer W is 
adhered on the lower face of the membrane (wafer 
retaining state) for retaining the wafer W; and the fluid 20 
feed passage 79 at the center of the pressurizing pocket 
78 is closed while leaving a closed space SPb at the 
outer circumference of the pressurizing pocket 78 as 
shown in Fig. 10B, by allowing the membrane to further 
depress toward the inside of the pressurizing pocket 78 25 
when the space Spa communicates the outer space 
(the non-retaining state). 

[0213] The amount or the suction pressure for 
allowing the second pressure adjustment mechanism to 
withdraw a fluid from the space SP for retaining the 30 
wafer W is not absolutely specified, provided that the 
fluid in the fluid feed passage 79 is further sucked while 
the fluid feed passage 79, formed at the center of the 
pressurizing pocket 78 for forming the space SP by the 
elastic membrane 77, is closed. Since the volume of the 35 
space SPa formed between the elastic membrane 77 
and the wafer W is extremely smaller than the volume of 
the space SP, the air in the space SPa does not inflate 
at a suction pressure as described above to an extent to 
penmlt the elastic membrane 77 to close the fluid feed 40 
passage .79, eliminating the possibility of closing the 
fluid feed passage 79. 

[0214] The polishing head 101 so configured as 
described above is coupled to the polishing apparatus 
by coupling the shaft 92 to an arm (not shown). When 45 
the wafer W is polished using the polishing head 101, 
the wafer W is at first allowed to contact the elastic 
membrane 77 provided on the lower face of the carrier 
64 by means of a loading device (not shown). The inner 
pressure of the space SP is lowered with the second so 
pressure adjustment mechanism 66 while the wafer W 
is contacting to retain the wafer W. 
[0215] Then, the wafer W is transferred onto the 
polishing pad 4 by allowing the polishing head 101 to 
travel by an ami. 55 
[021 6] The wafer W then comes in contact with the 
polishing pad 4 whose surface is adhered on the upper 
face of the platen 3, while the periphery of the wafer W 



is blocked by the retainer ring 75. 
[0217] The wafer W is polished by the steps com- 
prising: adjusting the pressure for pressing the wafer W 
onto the polishing pad 4 by the back-pressure applied 
on the polishing pad 4 from the carrier 64 and the 
retainer ring 75, and by the back-pressure applied on 
the elastic membrane 77 from the second pressure 
adjustment mechanism 66; allowing the platen 3 to 
revolve while allowing the polishing head 101 to rotate; 
and simultaneously feeding the slurry S on the surface 
of the polishing pad 4 and on the surface of the wafer W 
to be polished from a slurry feed device (not shown). 
[021 8] Whether the wafer W is properly retained or 
not is sensed as follows using the polishing head 101 so 
configured as described above. 

[0219] At first, the inner pressure of the space SP 
provided on the lower face of the can-ied 64 is lowered 
below the atmospheric pressure using the second pres- 
sure adjustment mechanism 66, thereby allowing the 
elastic membrane 77 to depress as a recess toward the 
inside of the pressurizing pocket 78 to retain the wafer 
W. 

[0220] When the wafer is retained, the degree of 
deformation of the elastic membrane 77 is very small 
since air scarcely flows from the outside into the space 
SPa fonmed between the wafer W and the elastte mem- 
brane 77 (see Fig. 1 0A). 

[0221 ] When the wafer is not retained, on the con- 
trary, air flows into the space SPa formed between the 
wafer W and the elastic membrane 77. Consequently, 
the inner pressure of the space SPa comes close to the 
atmospheric pressure and becomes larger than the 
pressure when the wafer W is retained. As a result, the 
difference of the inner pressures between the space 
SPa and the space SP turns out to be larger than the 
difference when the wafer W is retained, and the elastto 
membrane 77 depresses toward the Inside of the space 
SP as shown in Fig. 1 0B to close the fluid feed passage 
79 provided at near the center of the space SP. A closed 
space SPb is left behind at the outer circumference of 
the pressurizing pocket 78 of the space SP. Since the 
inner pressure of the closed space SPb is not further 
reduced because the fluid feed passage 79 is closed, a 
differential pressure is created between the inner pres- 
sure of the closed space SPb and the pressure in the 
fluid feed passage 79, or the suction pressure of the 
second pressure adjustment mechanism 66. This differ- 
ential pressure may be increased to an extent to facili- 
tate measurement by the differential pressure 
measuring device 103, by sufficiently increasing the 
suction pressure of the second pressure adjustment 
mechanism 66. 

[0222] The wafer sensing device 106 decides that 
the polishing head 101 does not retain the wafer W 
when the differential pressure measuring device 103 
receives a signal generated by sensing the differential 
pressure between them. Alternatively, wafer sensing 
device 106 decides that the fluid feed passage 79 is not 
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closed, or the polishing head 101 retains the wafer W, 
when the differential pressure is not sensed, thus sens- 
ing whether the wafer W is retained or not. 
[0223] According to the polishing head 101 so con- 
figured as described above or the polishing device using s 
the polishing head, whether the wafer is property 
retained on the polishing head 101 or not is determined 
by sensing whether a differential pressure is created 
between the Inner pressure of the space SP at the outer 
circumference of the pressurizing pocket 78 of the car- 
rier 64 and the suction pressure of the second pressure 
adjustment mechanism 66. Since this differential pres- 
sure can be increased to an extent to facilitate sensing 
by increasing the suction pressure of the second pres- 
sure adjustment mechanism 66, whether the wafer W is 
properly retained or not may be accurately sensed. 
[0224] The operation of the sensor is assured by 
ensuring the absorption force of the wafer W by, for 
example, keeping the suction pressure of the second 
pressure adjustment mechanism 66 constant. 
[0225] Since the differential pressure between the 
inner pressure of the space SP and the suction pres- 
sure of the second pressure adjustment mechanism 66 
is used as a criteria for deciding whether the wafer W is 
properly retained or not, the reference pressure for 
deciding whether the wafer W is properly retained or not 
is not required to be experimentally determined, ena- 
bling the adjustment work to be simple. 
[0226]. Since the effects as described above is real- 
ized without making the construction of the polishing 
head complex, the manufacturing cost and mainte- 
nance cost of the polishing head may be reduced. 
[0227] A communication hole 104 communicating 
the fluid feed passage 79 with outer circumference of 
the pressurizing pocket 78 of the space SP, and a differ- 
ential pressure gauge 105 provided at the communica- 
tion holes 104 were used for the differential pressure 
measuring device 103 in the foregoing embodiment 
However, the device is not restricted thereto, but a pres- 
sure gauge 108 is connected to the outer circumference 
of the pressurizing pocket 78 of the space SP via the 
communication hole 107 in place of providing the differ- 
ential pressure measuring device 103 as shown in Fig. 
11. The wafer sensing device 106 also serves as a dif- 
ferential pressure measuring device in this case for 
measuring the differential pressure by comparing the 
measured value of the pressure gauge 108 with the 
suction pressure of the second pressure adjustment 
mechanism 66. 

[0228] Either the setting pressure of the second 
pressure adjustment mechanism 66, or the measured 
value of the pressure gauge provided at either the sec- 
ond pressure adjustment mechanism 66 or the fluid 
passage 33 may be used for the suction pressure of the 
second pressure adjustment mechanism 66. 
[0229] The differential pressure gauge 105 or the 
pressure gauge 108 may be provided at outside of the 
head body 62, by extending the communication hole 



104 or the communication hole 107 to outside of the 
head body 62 using a tubing. 

[0230] The pressurizing pocket 78 forming the 
space SP is not always provided at the center of the 
tower face of the carrier 64, but may be provided at the 
lower face of the carrier 64 as an annular groove. The 
elastic membrane 77 aiso deforms in this case in the 
cross section of the pressurizing pocket 78 as shown in 
Figs. 10A and 10B. 

[0231] A plurality of the pressurizing pockets 78 
may be provided on the lower face of the carrier 64 as 
shown In Figs. 12A and 12B to form a plurality of the 
spaces SP on the lower face of the cannier 64 utilizing 
this pressurizing pockets 78 and the elastic membrane 
77. Figs. 12A and 12B show the tip of the polishing head 
101 (only the inner circumference side of the retainer 
ring is illustrated). Any number of the spaces SP may be 
provided herein, and the second pressure adjustment 
mechanism 66 is naturally connected to each pressuriz- 
ing pocket 78 through respective fluid feed passages 79 
while providing the differential pressure measuring 
devices 103. 

[0232] The wafer sensing device 106 may be so 
configured as to sense whether the wafer W is retained 
or not, by the number of the spaces SP of these plural 
spaces SP where the differential pressure between the 
suction pressure of the second pressure adjustment 
mechanism 66 and the inner pressure of the space SP 
at the outer circumference of the pressurizing pocket 78 
is sensed by the differential pressure measuring 
devices 103. 

[0233] The retention state of the wafer W may be 
decided in detail based on the number of the spaces Sp 
where the differentia! pressure is sensed during retain- 
ing the wafer. In other words, when the number of the 
spaces SP where the differential pressure is sensed 
has attained the prescribed number, for example when 
the differential pressure is sensed at about a half of the 
spaces SP, retention of the wafer is decided to be insuf- 
ficient or the wafers are not retained at all. 
[0234] The wafer sensing device 106 may be con- 
figured such that whether the wafer W is retained or not 
is sensed by considering the positional relation among 
the spaces SP of the plural spaces SP where the differ- 
ential pressure between the suction pressure of the sec- 
ond pressure adjustment mechanism 66 and the inner 
pressure of the space SP at the outer circumference of 
the pressurizing pocket 78 is sensed by the pressure 
measuring device 103. 

[0235] The retention state of the wafer W may be 
precisely decided by the positional relation among the 
spaces SP where the differential pressure has been 
sensed. When a differential pressure is sensed 
between the adjoining spaces SP, it shows that a bias is 
generated in the balance of retention of the wafer W. 
Accordingly, the wafer is insufficiently retained to decide 
that the virafer is not retained. When a differential pres- 
sure is sensed among plural spaces SP not adjoining to 
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one another, retention of the wafer W may be balanced. 
Therefore, whether the wafer W is retained or not is 
decided depending on the number of the spaces SP 
where a differential pressure has been sensed. 
[0236] The decision criteria of the wafer sensing 
device 106 may be arbitrarily detemnined, if necessary. 

[Fifth Embodiment] 

[0237] While the fifth embodiment according to the 
present invention is described hereinafter with refer- 
ence to the drawings, the same reference numerals as 
used in the first to forth embodiments are assigned to 
the same or similar elements in the fifth embodiments, 
and their explanations are omitted. The fifth embodi- 
ment according to the present invention is described 
hereinafter with reference to the drawings. The polish- 
ing apparatus according to the present invention is con- 
structed to be approximately similar to the conventional 
polishing apparatus 1 shown in Fig. 27, and the polish- 
ing head 111 in the vertical cross section shown in Fig. 
13 Is also used herein (the polishing head 111 may be 
used in the polishing apparatus 10 shown in Fig. 28). 
[0238] The polishing head 111 shown in Rg. 13 
comprises a head body 62 comprising an upper mount- 
ing plate 67 and a cylindrical circumference wall 68. a 
diaphragm 63 almost vertically expanded, for example, 
against the head axis line, an approximately disk- 
shaped carrier 64 secured on the lower face of the dia- 
phragm 63, and an annular retainer ring 75 located 
between the lower portion of the outer circumference of 
the earner 64 and the inner wall of the circumference 
wall 68 and Integrated with the carrier 64. 
[0239] The carrier 64 and the retainer ring 75 
assumes a floating structure movable toward the head 
axis line direction by elastic defomnatlon of the dia- 
phragm 63. 

[0240] The upper mounting plate 67 of the head 
body 62 is secured in concentric relation to a shaft 92 as 
a coupling member for coupling to an arm (not shown) 
In the polishing apparatus, and first and second fluid 
passage 93a and 93b, and a wiring Insertion passage 
102 are formed along the vertical direction In the shaft 
92. A step 70 is formed over the entire circumference on 
the lower part of the inner wall of the circumference wall 
68. 

[0241] The diaphragm 63 is secured on the step 70 
formed on the inner wall of the circumference wall 68 
with a diaphragm fixing ring 71 . The diaphragm 63 is not 
necessarily expanded to be approximately vertical to 
the head axis line. 

[0242] A fluid chamber 73 is formed above the dia- 
phragm 63. The fluid chamber 73 communicates with a 
first fluid passage 93a and a wiring insertion passage 
102 formed in the shaft 92. 

[0243] A tubing 94 for connecting the second fluid 
passage 93b formed in the shaft to the fluid feed pas- 
sage 79 provided in the carrier 64 is provided in the fluid 
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chamber 73. 

[0244] The carrier 64 is secured to the diaphragm 

63 by a sub-carrier fixing ring 72 provided on the upper 
face of the diaphragm 63. A pressurizing pocket 78 as 

5 an approximately circular recess is provided at the 
center of the carrier 64, and a fluid feed passage 79 
communicating from the pressurizing pocket 78 to the 
upper face of the carrier 64 Is also formed. 
[0245] The fluid feed passage 79 is connected to a 

10 second pressure adjustment mechanism 66 through the 
tubing 94 provided in the fluid chamber 73 and the sec- 
ond fluid passage 93b on the upper mounting plate 67 
of the head body 62. 

[0246] The retainer ring 75 is secured on the lower 
75 face of a flange 64b of the carrier 64 in concentric rela- 
tion to the circumference wall 68 and the carrier 64. 
[0247] An elastic membrane 112 (a flexible mem- 
ber) for fomnlng a space SP by dividing the pressurizing 
pocket 78 from the outside Is expanded over the lower 
20 face of the carrier 64. The elastic membrane 112 is a 
sheet member comprising, for example, a flexible mate- 
rial such as a fiber reinforced rubber as in the dia- 
phragm 63, and is attached to be airtight to the carrier 

64 by inserting its outer circumference edge between 
25 the lower face of the flange 64b of the carrier 64 and the 

upper face of the retainer ring 75. The elastic mem- 
brane 112 may be so configured as to permit ventilation 
of a gas between the space SP and its outside, by pro- 
viding an opening for communicating the space SP with 
30 the outside, or by constructing the elastic membrane 
112 with a flexible and gas-permeable material such as 
GORETEX (a trade name). 

[0248] As shown In Rgs. 14 and 15, an engage 
member 113 Is provided between the outer circumfer- 
35 ence of the flange 64b of the carrier 64 and the Inner 
face of the head body 62, in order to prevent the carrier 
64 from being rotated by suffering a polishing resistance 
during polishing. 

[0249] Rg. 14 is an enlarged drawing of the main 

40 part in Fig. 13, and Fig. 15 Is a cross section viewed 
along the an-ow A-A in Fig. 14. An engaging projection 
114 Is provided at the outer circumference of the flange 
64b of the earner 64, and an engaging groove 115 Is 
provided at the inner face side of the head body 62 as 

45 the engaging members 113 in this embodiment. It Is 
desirable that the engaging members 113 are disposed 
at two or more sites with a symmetrical relation to the 
center of rotation of the carrier 64, if possible, in order to 
be able to securely support the carrier 64. 

so [0250] A sensor 116 is provided between the 
engaging projection 114 and the engaging groove 115 
for measuring the force along the direction of rotation 
acting between them. A computing unit 117 provided at 
outside of the head body 62 is connected to the sensor 

55 1 16. A pressure sensing type sensor such as a piezoe- 
lectric element and a distortion gauge, or a shear force 
sensing type sensor, provided by bridging between the 
engaging projection 114 and engaging groove 115 and 
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sensing the force along the direction of rotation from the 
shear force received by a relative movement between 
the can-ier 64 and the head body 62, is used for the sen- 
sor 116. 

[0251] The computing unit 117 calculates the pol- 5 
tshing resistance acting on the wafer W or the retainer 
ring 75 retained on the carrier 64 based on the meas- 
ured value of the sensor 116, or from the difference 
between the total polishing resistance and the polishing 
resistance received by the retainer ring 75. The comput- 
ing unit also controls each part of the polishing unit 
based on information as described above so that the 
wafer is polished under an optimum condition. 
[0252] When a plurality of the engage members 
113 and sensors 116 are provided, the computing unit 
117 averages respective measured values with respect 
to these sensors 116 for improving measuring accuracy, 
and the averaged value is used for the pressure level. 
[0253] A pressure sensing type sensor is used for 
the sensor 116 in this embodiment, and the sensor 116 
is provided on the face opposed to the direction of rota- 
tion of the head body 62 at the engaging projection 114. 
The wiring L for connecting the sensor 116 to the com- 
puting unit 117 reaches, for example, from the sensor 
116 through the inside of the carrier 64 into the fluid 
chamber 73 of the head body 62, and is connected from 
the fluid chamber 73 to the computing unit 117 through 
the wiring insertion passage 102 provided in the shaft 
92 of the head body 62. 

[0254] The second pressure adjustment mecha- 
nism 66 is provided in order to adjust the inner pressure 
of the space by feeding or withdrawing a fluid into or 
from the space including the space SP between the car- 
rier 64 and the elastic membrane 112. 
[0255] The second pressure adjustment mecha- 
nism 66 presses the elastic membrane 112 toward out-' 
side by increasing the inner pressure of the space 
between the carrier 64 and the elastic membrane 112 
during . polishing the wafer W, thereby pressing the 
entire surface of the wafer W onto the polishing pad 4 of 
the polishing apparatus under ia uniform pressure with 
the lower surface of the elastic membrane 112. The sec- 
ond pressure adjustment mechanism 66 directly applies 
the pressure of a fluid on the upper face of the wafer W 
through the elastic membrane 112, when the elastic 
membrane 112 is made of a gas-permeable material. 
[0256] The pressure applied by the second pres- 
sure adjustment mechanism 66 is adjusted so that the 
wafer W is pressed onto the polishing pad 4 with an 
optimum pressure. The second pressure adjustment 
mechanism 66 also allows the elastic membrane 112 to 
function as a suction cup for absorbing the wafer W, by 
lowering the inner pressure of the space SP below the 
atmospheric pressure while the wafer W is allowed to be 
adhered on the lower face of the elastic membrane 112 
to depress the elastic membrane 112 toward the inside 
of the pressurizing pocket 78. The second pressure 
adjustment mechanism 66 permits the wafer W to be 
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absorbed via the elastic membrane 112 by sucking the 
air between the elastic membrane 112 and the wafer W 
trough the elastic membrane 112, when the elastic 
membrane 112 is air-permeable. 
[0257] The polishing head 111 so configured as 
described above is coupled to the polishing apparatus 
by connecting the shaft 92 to a spindle provided on an 
amn (not shown). When the wafer W is polished using 
the polishing head 1 1 1 , the wafer W is at first allowed to 
contact the elastic membrane 112 provided on the lower 
face of the carrier 64 using a loading device (not 
shown). The elastic membrane 1 12 is depressed toward 
inside of the pressurizing pocket 78 by lowering the 
inner pressure of the space SP by means of a second 
pressure adjustment mechanism 66, and the wafer W is 
retained by allowing the membrane to serve as a suc- 
tion cup for absorbing the wafer W. 
[0258] Then, the wafer W is transferred onto the 
polishing pad 4 by allowing the polishing head 111 to 
travel by the arm. 

[0259] The wafer W is made to come in contact with 
a polishing pad 4 adhered on the upper face of the 
platen 3, while the periphery of the wafer is blocked by 
the retainer ring 75. 

[0260] The platen 3 is allowed to revolve and the 
polishing head 111 is allowed to rotate while the pres- 
sure for pressing the wafer W onto the polishing pad 4 is 
adjusted by the back-pressure of the carrier 64 and the 
retainer ring 75 onto the polishing pad 4, and by the 
back-pressure applied on the elastic membrane 112 by 
the second pressure adjustment mechanism. The wafer 
W is polished by simultaneously feeding a slun7 S from 
a slurry feed device (not shown) onto the surface of the 
polishing pad 4 and the surface of the wafer w to be pol- 
ished. When the center of the wafer W tends to be 
excessively polished to form a concave portion on the 
wafer, the rotation speed of the outer circumference 
side of the wafer W relative to the polishing pad, or the 
polishing speed, is made to be higher than the polishing 
speed of the inner circumference side of the wafer W by 
increasing the rotation speed of the polishing head 111, 
thereby increasing the polished quantity at the outer cir- 
cumference side of the wafer W. A rotation force is cre- 
ated by the rotation of the polishing head 111 on the 
carrier 64 and the retainer ring 75 retaining the wafer W 
under the polishing condition of the wafer W as 
described above. While this force applies a force to twist 
the diaphragm 63 on which the carrier and the retainer 
ring are attached, twist of the diaphragm 63 is restricted 
by receiving the force by the engaging member 113. 
[0261] The polished sate of the wafer W in the pol- 
ishing head 111 so configured as described above is 
determined as follows. 

[0262] The wafer is at first polished by allowing the 
polishing head 111 to contact the polishing pad 4. The 
carrier 64 and the retainer ring 75 retaining the wafer W 
is liable to rotate toward the inverse direction to the 
direction of rotation of the head body 62 by the polishing 
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resistance applied from the polishing pad 4. Since this 
rotation is received by the engage member 113 pro- 
vided between the outer circumference of the carrier 64 
and the inner face of the head body 62, the force along 
the direction of rotation applied on the engage member 
113 is measured by the sensor 116. 
[0263] When the back-pressure on the wafer W via 
the elastic membrane 112 is released by lowering the 
inner pressure of the space SP below the atmospheric 
pressure by means of the second pressure adjustment 
mechanism 66, only the retainer ring 75 is pressed onto 
the polishing pad 4. consequently, the polishing resist- 
ance received by the retainer ring 75 is calculated with 
the computing unit 117 based on the measured value of 
the sensor 116. 

[0264] The polishing resistance received by the 
retainer ring 75 can be directly detennined under the 
same condition as polishing the wafer W as described 
above in the polishing apparatus according to the 
present invention. Since the magnitude of the polishing 
resistance received by the retainer ring 75 is within a 
given range so far as the surface of the polishing pad 4 
remains constant, the surface state of the polishing pad 
4 may be sensed based on variation of the polishing 
resistance. While a thin film has been formed on the 
surface of the wafer W, the retainer ring 75 is formed of 
a homogeneous material even in the inside of the 
retainer ring. Consequently, the measurement takes 
advantage of the fact that the magnitude of the polishing 
resistance received by the retainer ring 75 from the pol- 
ishing pad 4 remains within a given range so far as the 
surface state of the polishing pad 4 does not change. 
[0265] The state of the dresser 54 for dressing the 
polishing pad 4 may be sensed from the surface state of 
the polishing pad 4. 

[0266] Because the polishing resistance received 
by the retainer ring 75 can be measured by only 
decreasing the inner pressure of the space SP by the 
second pressure adjustment mechanism 66 in the pol- 
ishing apparatus according to the present invention, the 
measurement may be carried out at any time during pol- 
ishing the wafer. Fluctuation of the polishing resistance 
received by the retainer ring 75 can be also determined 
by measurements at an appropriate timing from the ini- 
tial sate of polishing. 

[0267] Then, the inner pressure of the space SP is 
reduced to, for example, below the atmospheric pres- 
sure using the second pressure adjustment mechanism 
66, and the wafer W is polished while pressing it toward 
the polishing pad 4 via the elastic membrane 112. Since 
both of the wafer W retained on the carrier 64 and the 
retainer ring 75 are pressed onto the polishing pad 4, 
the total pressure received by the retainer ring 75 
received by the wafer W and the retainer ring 75 under 
the same condition as polishing the wafer W can be 
directly calculated using the computing unit 117 based 
on the measured value of the sensor 116. 
[0268] The polishing resistance received by the 



wafer W is directly calculated from the difference 
between the total resistance and the polishing resist- 
ance received by the retainer ring 75. 
[0269] The polishing resistance actually received by 

5 the wafer W may be accurately determined by correct- 
ing the polishing resistance received by the wafer W, 
because change of the surface state of the polishing 
pad 4 can be confirmed from the variation of the polish- 
ing resistance received by the retainer ring 75. 

10 [0270] Change of the polishing resistance received 
by the wafer W from the initial state may be determined 
by measuring the polishing resistance at an appropriate 
timing starting from the initial state of polishing, 
because measurement of the total polishing resistance 

15 is possible at any time during polishing. 

[0271] The polishing conditions of the wafer W, or 
the rotational speed of the platen 3 and the polishing 
head 111, the polishing pressure (the pressure for 
pressing the wafer W onto the polishing pad), and the 

20 amount of the fed slurry, are adjusted to optimize polish- 
ing of the wafer W based on the polishing resistance 
received by the wafer W. 

[0272] The polishing resistance received by the 
wafer W is observed, and stabilized measured value of 
25 the polishing resistance is used as a polishing end point 
to complete polishing of the wafer W. However, polish- 
ing of the wafer is further proceeded for several seconds 
as a margin. 

[0273] When the surface of the polishing pad 4 has 
30 been decided to be changed, some measures are 
applied to secure polishing of the wafer W. That is, pol- 
ishing of the wafer W is once halted for adjusting (dress- 
ing) of the surface of the polishing pad 4 with a 
conditioner 51 to recover polishing ability of the polish- 
es ing pad 4. Polishing of the wafer W is resumed thereaf- 
ter or the polishing time is prolonged. Polishing 
conditions are also adjusted, if necessary. 
[0274] The state of the polishing pad 4 is sensed 
after dressing for a given time and, when dressing is 
40 insufficient, dressing s continued until the polishing abil- 
ity of the polishing pad 4 falls within an appropriate 
range. When the polishing ability of the polishing pad 4 
does not fall within an appropriate range after a certain 
period of dressing time, the dresser 54 is judged to be at 
45 the end of service life and the dresser 54 is replaced 
with a new one, because it indicates that the dressing 
ability of the dresser 54 to be used for dressing is 
decreased to a lower level then an appropriate level. 
[0275] According to the polishing apparatus of the 
50 present invention, the polishing resistance received by 
the retainer ring 75 and the wafer W can be almost 
directly sensed by the polishing head 111, since the pol- 
ishing apparatus according to the present invention has 
higher information sensing ability on the polished state 
55 of the wafer W such as the polishing resistance and pol- 
ishing end point as compared with the conventional pol- 
ishing apparatus, and responding ability for fluctuation 
of these signals has been improved. 
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[0276] Sensing ability of the polishing end point of 
the wafer W may be improved by con-ecting the magni- 
tude of the polishing resistance received by the wafer W 
based on calculation of the effect due to fluctuation of 
the surface sate of the polishing pad 4. 5 
[0277] Sensing the surface state of the polishing 
pad 4 allows the timing for adjusting the surface of the 
polishing pad 4 to be determined, besides enabling 
countermeasures to be appropriately selected depend- 
ing on circumstances when polishing ability of the pol- 10 
ishing pad 4 has been deteriorated. 
[0278] It is also possible to sense the state of the 
dresser 54 to be used for dressing of the polishing pad 
4, to sense exchange timing of the dresser 54, and to 
select appropriate countermeasures depending on cir- is 
cumstances when dressing ability of the dresser 54 has 
been deteriorate. 

[0279] Accordingly, the wafer W can be polished 

under appropriate conditions. 

[0280] Wear or damage of the diaphragm 63 may 20 
be prevented since the diaphragm 63 does , not suffer 
from excess load even when a force to twist the dia- 
phragm 63 is applied on the diaphragm 63. 
[0281] While the polishing pad 4 is dressed after 
once halting polishing of the wafer W in ttie foregoing 
embodiment, polishing of the wafer W and dressing may 
be simultaneously proceeded. 

[0282] Disposition of the engaging projection 114 
and engaging groove 115 of the engaging member 113 
is not restricted to those described above, but the 
engaging projection 114 and engaging groove 115 may 
be provided at the head body 62 and carrier 64, respec- 
tively. 

[Sixth Embodiment] 

[0283] While the sixth embodiment according to the 
present invention is described hereinafter with refer- 
ence to the drawings, the same reference numerals as 
used in the first to fifth embodiments are assigned to the 
same or similar elements in the fifth embodiments, and 
their explanations are omitted. The polishing apparatus 
according to the present invention is constructed to be 
approximately similar to the conventional polishing 
apparatus 10 shown in Fig. 28, and the polishing head 
121 in the vertical cross section shown in Fig. 16 is also 
used herein (the polishing head 121 may be used in the 
polishing apparatus 1 shown in Rg. 27). 
[0284] As shown in Rg. 16, the polishing head 121 
comprises a head body 62 comprising an upper mount- 
ing plate 67 and a cylindrical wall 68, a diaphragm 71 
expanded in the head body 62, an approximately disk- 
shaped carrier 122 secured in approximately concentric 
relation to the head body 62 on the lower face of the dia- 
phragm 71, and an annular retainer ring 123 provided in 
approximately concentric relation to the canrier 122 at 
the lower part of the carrier 122. 
[0285] The carrier 122 is formed to have a larger 



outer diameter than the outer diameter of the head body 
62, and retains one face of the wafer W via an elastic 
membrane 124 (to be described hereinafter) expanded 
over the lower face. The retainer ring 123 contacts the 
surface of the polishing pad 4 during polishing to block 
the periphery of the wafer W, while being pressed onto 
the surface of the polishing pad 4 to decrease defonma- 
tion of the polishing pad 4 at the periphery of the wafer 
W, thereby preventing the wafer W to be polished from 
hanging down (hanging of the edge). The carrier 122 
and the retainer ring 123 constitute a floating member 
125 that is supported in a floating manner to be movable 
toward the head axis line direction by elastic deforma- 
tion of the diaphragm 71 . 

[0286] The upper mounting plate 67 of the head 
body 62 is secured in coaxial relation to a shaft 92 for 
coupling with a spindle 17 of the polishing apparatus. 
First and second fluid passages 93a and 93b are 
formed along the vertical direction in the shaft 92. 
[0287] A stopper bolt 126 elongating toward the 
head axis line direction is provided on the lower face of 
the upper mounting plate 67. A step 126a, protruding at 
the side and being able to engage with an inner flange 
122b (to be described hereinafter) provided on the car- 
rier 122, is provided at. the lower end of the stopper bolt 
126. 

[0288] A Step 70 is formed is formed over the entire 
cin^umference at the lower part of the inner wall of the 
circumference wall 68. 

[0289] A cover 127 having an approximately annu- 
lar shape for covering a gap K1 is provided on the outer 
circumference face of the circumference wall 68 in this 
embodiment, so that foreign substances do not Invade 
into the gap K1 formed between the head body 62 and 
the floating member 125. The cover 127 comprises, for 
example, a base 127a bolted to the outer circumference 
face of the circumference wall 68, and a cover 127b 
extending downward of the base 127a and covering the 
carrier 122 so as to wrap the carrier up to its outer cir- 
cumference face. The bolt B for securing the cover 127 
to the circumference wall 68 may be made of a resin to 
avoid contamination with metals. 
[0290] The diaphragm 71 is attached to the head 
body 62 by screw-fitting the diaphragm fixing ring 71 to 
the step 70 with diaphragm fixing bolts 71a, while the 
circumference portion of the diaphragm is inserted 
between the annular diaphragm fixing ring 71 and the 
upper face of the step 70 of the circumference wall 68. 
[0291 ] The space divided by the diaphragm 71 from 
the outside between the head body 62 and carrier 122 
serves as a fluid chamber 73, and the fluid chamber 73 
is connected to a first pressure adjustment mechanism 
65 through the first fluid passage 93a formed in the 
shaft 92. The first pressure adjustment mechanism 65 
adjusts the inner pressure of the fluid chamber 73 by 
feeding or withdrawing a fluid into or out of the fluid 
chamber 73, thereby the force for allowing the floating 
member 125 that is defonned with deformation of the 
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diaphragm 71 to deform toward the head axis line direc- 
tion is adjusted. The first pressure adjustment mecha- 
nism 65 mainly adjusts the force for pressing the 
retainer ring 123. which makes contact with the polish- 
ing pad 4 at the floating member 1 25, onto the polishing 5 
pad 4. 

[0292] A tubing 94 for connecting a second fluid 
passage 93b formed in the shaft 92 to a fluid feed pas- 
sage 79 (to be described hereinafter) formed in the car- 
rier 122 is provided in the fluid chamber 73. A second 10 
pressure adjustment mechanism 66 is connected to the 
second fluid passage 93b. 

[0293] The carrier 122 comprises, for example, a 
highly rigid material such as a ceramic or a light-weight 
aluminum materia!, and is formed to be an approxi- is 
mately disk-shaped with a larger outer diameter than 
the outer diameter of the head body 62. The portion of 
the carrier 122 expanding to outside of the head body 
62 serves as a first eaves 128. 

[0294] An approximately annular projection 122a to 20 
be housed in the head body 62 is fonned at the portion 
of the upper face of the carrier 122 located within an 
opening of the head body 62 to be approximately con- 
centric to the carrier 122. A recess 129 is formed at the 
inner circumference side of the projection 1 22a to be by 25 
one step lower than the outer circumference side. The 
space formed at the upper part of the carrier 122 with 
the recess 129 also serves as the fluid chamber 73. 
[0295] The projection 122a is screw-fitted to the 
approximately annular carrier fixing ring 72 disposed on 30 
the upper face of the diaphragm 71 with the bolt 72a 
while sandwiching the diaphragm 71 , thereby the carrier 
122 is attached on the lower face of the diaphragm 71. 
The elevation of the projection 122a protruding out of 
the upper face of the can-ier 122 (the upper face at the 3S 
outer circumference side) is made to be larger than the 
thickness of the step 70 of the head body 62 along the 
head axis line direction. Consequently, the gap K1 for 
pennitting deformation of the carrier 122 toward the 
head axis line direction is formed between the upper 40 
face of the earner 122 and the lower end of the circum- 
ference wall 68. 

[0296] The inner flange 122b Is fomied over the 
entire circumference at the upper part of the projection 
122a by being expanded toward the inner circumfer- 45 
ence side. The inner flange 122b is able to engage with 
the step 126a of the stopper bolt 126 provided In the 
head body 62. Deformation of the carrier 1 22 toward the 
head axis line direction is restricted within a proper 
range by allowing the inner flange 122b to engage with so 
the step 126a of the stopper bolt 126, even when the 
diaphragm 71 is bent downward, to avoid the diaphragm 
71 from suffering excess load, 

[0297] The side face 122c of the outer circumfer- 
ence of the projection 122a is made to be approximately 55 
parallel to the axis line of the carrier 122 with a slight 
gap between the inner circumference face of the cir- 
cumference wall 68 of the head body 62. The side face 
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122c is allowed to slide toward the head axis line direc- 
tion relative to the inner circumference face of the cir- 
cumference wall 68, thereby restricting deformation of 
the carrier 1 22 toward the direction perpendicular to the 
head axis line while permitting deformation toward the 
head axis line direction. The outer diameter of the upper 
part of the projection 122a is tapered toward the lower 
part of it, thus ensuring a space for pennitting deforma- 
tion of the diaphragm 71 between the circumference 
wall 68 when the carrier 122 deforms toward the head 
axis line direction. 

[0298] An approximately circular pressurizing 
pocket 78 that is approximately coaxial to the carrier 
122 is formed on the lower face of the carrier 122. A cut- 
ting is formed over the entire circumference at the lower 
part of the outer circumference of the earner 122, 
thereby afirst mounting lace 131 approximately perpen- 
dicular to the axis line of the carrier 122 and directed 
downward, and a second mounting face 132 approxi- 
mately parallel to the axis line of the earner 122 and 
directed toward the circumference side are formed. The 
retainer ring 123 is attached to these first and second 
mounting faces 131 and 132 to be attachable and 
detachable. When a structure for securing the retainer 
ring 123 to the carrier 122 is employed, the first eaves 
128 vertically penetrate to fomi a bolt insertion hole 
128a. 

[0299] The retainer ring 123 is secured to the car- 
rier 122 with the retainer ring fixing bolt 128b inserted 
through the bolt insertion hole 128a. A plurality of the 
bolt insertion holes 128a are fomried with an approxi- 
mately equal distance apart over the entire circumfer- 
ence of the first eaves 128, and is covered with a cover 
127 attached to the head body 62. 
[0300] The retainer ring 1 23 is fonned with its upper 
and lower faces approximately parallel to one another, 
and the upper face 123b is so configured as to be able 
to mount on the first mounting face 131 of the carrier 
122. The inner circumference face 123c of the retainer 
ring 123 Is approximately in parallel relafion to the upper 
face 123b, and secures the elastic membrane 124 by 
inserting the outer circumference 124a (to be described 
hereinafter) of the elastic membrane between the 
retainer ring and the second mounting face 132. 
[0301] It is possible to mount the retainer ring 123 
by inserting a shim with an approximate thickness 
between the upper face 123b and the first mounting 
face 131 of the carrier 122. As a result, the degree of 
projecfion of the retainer ring 123 from the lower face of 
the elastic membrane 124 expanded over the lower face 
of the canrier 122 may be adjusted depending on the 
thickness of the wafer W to be polished. 
[0302] The service life of the retainer ring 123 may 
be prolonged by adjusting the degree of projection of 
the retainer ring 123 from the lower face of the elastic 
membrane 124, even when the retainer ring 123 has 
been worn to reduce its thickness along the upper and 
lower directions. 
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[0303] A fitting groove 1 33 is formed over the entire 
circunnference on the second mounting face 132 
directed toward the outer circumference side. The fitting 
groove 133 is tapered to have a narrower width at the 
opening side relative to the bottom width, and the termi- 
nal edge 124b (to be described hereinafter) of the elas- 
tic membrane 124 expanded over the lower face of the 
can'ier 122 is fitted into the fitting groove. The second 
mounting face 132 is secured by inserting the outer cir- 
cumference 124a of the elastic membrane 124 between 
the inner circumference face 123c of the retainer ring 
123 by attaching the retainer ring 123 to the carrier 122, 
thereby the elastic membrane 124 is attached to be air- 
tight to the carrier 122. The elastic membrane 124 is 
made of a flexible material such as a fiber reinforced 
rubber as in the diaphragm 71 . The outer circumference 
124a of the elastic membrane rises up against the pla- 
nar inner circumference, and Is configured so that the 
temninal edge 124b is folded toward the inside. The ter- 
minal edge 124b is configured to be engaged with the 
fitting groove 133 of the carrier 122. 
[0304] The first fluid feed passage 79 communicat- 
ing from the pressurizing pocI<et 78 formed on the lower 
face to near the center of the recess 129 is formed in the 
carrier 122. The tubing 94 described above is con- 
nected to the end at the upper face side of the first fluid 
feed passage 79. 

[0305] The lower face, the face at the side for retain- 
ing the wafer W on the carrier 122, is flexible. The elas- 
tic membrane 1 24 for receiving the wafer W is expanded 
on its lower face, and the space SP is formed between 
the elastic membrane 1 24 and the tower face of the car- 
rier 122. The space SP is connected to the second 
pressure adjustment mechanism 66 through the first 
fluid feed passage 79, the tubing 94, and the second 
fluid passage 93b. The second pressure adjustment 
mechanism 66 adjusts the inner pressure of the space 
SP by feeding or withdrawing a fluid (for example air) in 
the space SP. The second pressure adjustment mecha- 
nism 66 allows the entire surface of the wafer W to be 
pressed onto the polishing pad 4 via the elastic mem- 
brane 124 with a uniform pressure by increasing the 
inner pressure of the space SP during polishing the 
wafer W. Alternatively, the elastic membrane 124 also 
serves as a suction cup for absorbing the wafer W by 
allowing the elastic membrane 124 to depress toward 
inside of the pressurizing poclcet 78 of the carrier 122 by 
lowering the inner pressure of the space SP below the 
atmospheric pressure. 

[0306] The second pressure adjustment mecha- 
nism 66 supports the wafer W to float independently 
from the retainer ring 123, to adjust the force for allow- 
ing the wafer W to be pressed onto the polishing pad 4 
through the floating member 125 by adjusting the inner 
pressure of the space SP for. 

[0307] The force for pressing the wafer W onto the 
polishing pad 4 is created by applying the inner pres- 
sure of the space SP as a opposing force to the floating 



member 125. The pressure for allowing the retainer ring 
123 to contact the polishing pad 4 varies depending on 
the inner pressure of the space SR The inner pressures 
of the fluid chamber 73 and the space SP by the first 
5 and second pressure adjustment mechanisms 65 and 
66 are adjusted considering the relations as described 
above. 

[0308] The polishing head 121 so configured as 
described above is attached to the polishing apparatus 

10 by coupling the shaft 92 to the spindle 17 of the polish- 
ing apparatus. When the wafer W is polished using the 
polishing head 121, the wafer W is at first allowed to 
contact the elastic membrane 124 provided on the lower 
face of the carrier 122 by means of a loading device (not 

15 shown). Then, the elastic membrane 124 is allowed to 
depress toward the inside of the pressurizing pocket 78 
> to permit it to serve as a suction cup for absorbing the 
wafer W, thereby retaining the wafer W. 
[0309] In the next step, the wafer W is allowed to 

20 contact the surface of the polishing pad 4 adhered on 
the rotating platen 3 by means of the polishing head 
121. 

[0310] The circumference of the wafer W is blocked 
by the retainer ring 123, and the surface of the wafer W 
25 comes in contact with the polishing pad 4 adhered on 
the upper face of the platen 3. 

[031 1 ] The wafer W is polished as described above 
by allowing the platen 3 to evolve and the carousel 11 
and the polishing head 121 to rotate, while the pressure 

30 for pressing the wafer W onto the polishing pad 4 is 
adjusted by the back-pressure applied by the first pres- 
sure adjustment mechanism 65 for pressing the carrier 
122 and the retainer ring 123 onto the polishing pad 4, 
and by the back pressure applied by the second pres- 

35 sure adjustment mechanism 66 onto the elastic mem- 
brane 124, and by feeding a sluny on the surface of the 
polishing pad 4 arid on the surface of the wafer W to be 
polished from a slurry feed means (not shown). 
[0312] According to the polishing head 121 so con- 

40 figured as described above, and the polishing apparatus 
using the polishing head, the mounting space of the pol- 
ishing head 121 may be reduced by avoiding the wafer 
W from expanding to outside of the polishing head 121 , 
since the outer diameter of the floating member 125 

45 retaining the wafer W is larger than the outer diameter 
of the head body 62. 

[0313] The gap K1 formed by the floating structure 
is formed between the upper face of the carrier 122 and 
the head body 62, and is located a distance apart from 

so the polishing pad 4. Since the distance between the 
opening of this gap K1 and the polishing pad 4 is 
blocked by the first eaves 128 besides its circumference 
is covered with the cover 127, foreign materials are 
hardly sucked into the gap K1. Accordingly, damages 

55 such as scratches are rarely formed on the wafer W 
besides improving serviceability ratio of the polishing 
apparatus by diminishing the frequency of cleaning that 
is carried out by disassembling the floating member 125 
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from the head body 62 in the polishing head 121. 
[0314] Since the wafer W is supported in a floating 
manner by the elastic membrane 124, the retainer ring 
123 is supported independently from the wafer W in a 
floating manner to enable good polishing of the wafer W, 
despite the retainer ring 123 is secured to the carrier 

122 and is not supported by the carrier 122 in a floating 
manner. 

[0315] Since a floating support structure for sup- 
porting the retainer ring 123 on the carrier 122 is not 
needed, a gap formed due to the floating structure may 
be eliminated from the portion contacting the polishing 
pad 4. 

[031 6] Since the retainer ring 1 23 is attached to the 
carrier 122, not to the diaphragm 71, the retainer ring 

123 can be exchanged without disassembling the pol- 
ishing head 121 to make it possible to improve work effi- 
ciency as welt as serviceability ratio of the polishing 
apparatus. 

[0317] The retainer ring 123 is bolted to the carrier 
122 from the upper face side of the first eaves 128 
expanding out of the outer circumference side of the 
head body 62. Consequently, the retainer ring 123 may 
be easily attached to and detachment from the carrier 
122. Moreover, since the retainer ring fixing bolt 128b 
for securing the retainer ring 123 onto the carrier 122 is 
located a distance apart from the polishing pad 4, and 
the distance between the retainer ring fixing bolt 128b 
and the polishing head 4 is blocked by the first eaves 
128, contamination with metals arising from the retainer 
ring fixing bolt 126 can be reduced. 

[Seventh Embodiment] 

[0318] While the seventh embodiment according to 
the present invention is described hereinafter with refer- 
ence to the drawings, the same reference numerals as 
used in the first to sixth embodiments are assigned to 
the same or similar elements in the seventh embodi- 
ments, and their explanations are omitted. The polish- 
ing apparatus according to the present invention is 
constructed to be approximately similar to the conven- 
tional polishing apparatus 10 shown in Rg. 28, and the 
polishing head 131 in the vertical cross section shown in 
Fig. 17 is also used herein (the polishing head 131 may 
be used in the polishing apparatus 1 shown in Fig. 27). 
Rg. 1 8 is an enlarged drawing of the main part shown in 
Rg. 17. 

[0319] In Rg. 1 7. the polishing head 131 comprises 
a head body 62 comprising an upper mounting plate 67 
and a cylindrical circunrrference wall 68, a diaphragm 63 
expanded in the head body 62, an intermediate member 
132 secured to the diaphragm 63, an approximately 
disk-shaped carrier 133 secured via the intermediate 
member 132, and an annular retainer ring 75 provided 
at the lower part of the carrier 133 by being located 
between the circumference wall 68 and the can-ier. 
[0320] The carrier 133 is attached to the intermedi- 



ate member 132 in approximately concentric relation to 
the head body 62. and retains one face of the wafer W 
via an elastic membrane 77 expanded over the lower 
surface. The retainer ring 75 is attached in aipproxi- 

5 mately concentric relation to the canrier 133. These car- 
rier 133 and the retainer ring 75 assumes a floating 
structure which allows them to be movable toward the 
head axis line direction by elastic deformation of the dia- 
phragm 63 to constitute the floating member 1 34. 

10 [0321] The upper mounting plate 67 of the head 
body 62 is secured in concentric relation to a shaft 92 as 
a coupling member for coupling to an arm (not shown) 
of the polishing apparatus. First and second fluid pas- 
sages 93a and 93b are formed in the shaft 92 along the 

15 vertical direction. A step 70 is formed over the entire cir- 
cumference at the lower part of the inner wall of the cir- 
cumference wall 68. 

[0322] The diaphragm 63 Is formed Into an annular 
shape with its inner circumference side open, and is 

20 secured to the step 70 formed on the inner wall of the 
circumference wall 68 with a diaphragm fixing ring 71. 
[0323] The space divided by the diaphragm 63 from 
the outside between the head body 62, and the floating 
member 134 and the intermediate member, serves as a 

25 fluid chamber 73, and communicates with the first fluid 
passage 93a fomned in the shaft 92. The pressure In the 
fluid chamber 73 is adjusted by feeding a fluid such as 
air into the fluid chamber 73 from the first pressure 
adjustment mechanism 65 through the first fluid pas- 

30 sage 93a. The first pressure adjustment mechanism 65 
controls the pressure in the fluid chamber 73, or the 
force for allowing the floating member 134 that dis- 
places together with the diaphragm 63 to displace 
toward the head axis line direction. The first pressure 

35 adjustment mechanism 65 mainly adjusts the force for 
pressing the retainer 75 that makes contact with the pol- 
ishing pad 4 at the floating member 134 onto the polish- 
ing pad 4. 

[0324] A tubing 94 for connecting the second fluid 
40 passage 93b formed in the shaft 92 to the fluid feed 
passage 79 provided in the carrier 1 33 is provided in the 
fluid chamber 73. 

[0325] The intemiediate member 132 is an approx- 
imately annular shaped member whose inner circumfer- 

45 ence side is open, and is made of a rigid material such 
as stainless steel, ceramic or a light-weight aluminum 
material. The intennediate member 132 is attached on 
the lower face of the diaphragm 63 in approximately 
concentric relation to the head body 62 by screw-fitting 

50 the intermediate member fixing ring 135 and the dia- 
phragm 63 with intennediate member fixing bolts 136 
while the diaphragm is inserted between the intermedi- 
ate member and the fixing ring disposed on the upper 
face of the diaphragm 63. 

55 [0326] An inner flange 132a projecting toward the 
inner circumference side is formed at the upper part of 
the intermediate member 132 as shown in Rg. 18, and 
the step fomied by this inner flange 132a below it and 
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the lower face of the Intermediate member132 serve as 
engage mennbers 137a for engaging with an engage 
member 137b (to be described hereinafter) of the car- 
rier 133. The lower face of the intermediate member 
132 of these engage members 137a is approximately 5 
perpendicular to the axis line of the intermediate mem- 
ber 132, and serves as a first mounting reference face 
138. The face directing toward the inner circumference 
side of the steps forming the engage members 137a is 
approximately parallel to the axis line of the intermedi- 70 
ate member 132, and serves as a second mounting ref- 
erence face 1 39. 

[0327] The carrier 133 comprising a highly rigid 
material such as a ceramic, or a lighter aluminum mate- 
rial, is formed into an approximately dislc-shaped mem- 
ber as shown in Fig. 1 7, and is bolted to the lower part 
of the intermediate member 132 to be attachable and 
detachable. Cut portions are provided over the entire 
circumference at the upper and lower parts of the outer 
circumference 133a of the carrier 133, respectively, in 
concentric relation to the carrier 133 to form steps and, 
as shown in Fig. 1 8, the step formed at the upper part at 
the outer circumference 133a of the carrier 133 serves 
as an engage member 137b for engaging with the 
engage member 137a of the intemiediate member 132. 
The face directing toward upward of the steps forming 
the engage member 137b is approximately perpendicu- 
lar to the axis line of the carrier 133, and serves as a 
third mounting reference face 141. The face directing 
toward the outer circumference side of the steps is 
approximately parallel to the axis line of the carrier 133, 
and serves as a fourth mounting reference face 142. 
[0328] The carrier 1 33 allows the third mounting ref- 
erence face 141 of the engage members 137b to con- 
tact the first mounting reference face 138 of the 
intermediate member, and allows the fourth mounting 
reference face 142 to contact the second mounting ref- 
erence face 139 of the intermediate member 132, 
thereby the carrier is positioned to be in concentric rela- 
tion to the intermediate member 132. A sealing member 
143 is provided at the engage member 137a of the inter- 
mediate member 132 or at the engage member 137b of 
the carrier 133, or at both of them, for sealing to be air- 
tight or liquid-tight among the members. An O-ring is 
used for the sealing member 143, and a groove 143a for 
fitting the sealing member 143 is formed over the entire 
circumference on the second mounting reference face 
139 of the engage member 137a (the groove 143a may 
be provided at the fourth mounting reference face 142 
side of the carrier 1 33). 

[0329] A pressurizing pocket 78 as an approxi- 
mately circular recess is provided at the center of the 
lower face of the carrier 133. and the other portion of the 
lower face has a constant thickness. A fluid fed passage 
79 communicating from the pressurizing pocket 78 to 
the upper face of the cannier 133 is formed on the carrier 
133. The fluid feed passage 79 is connected to the sec- 
ond pressure adjustment mechanism 66 through the 
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tubing 94 provided in the fluid chamber 73 and the sec- 
ond fluid passage 93b of the upper mounting plate 67. 
[0330] The retainer ring 75 is a member formed into 
an approximately annular shape and, as shown in Rg. 
1 7, is attached to the step formed at the lower part of 
the outer circumference 133a of the carrier 133 so as to 
be approximately concentric to the circumference wall 
68 and the carrier 133. The retainer ring 75 is attached 
to the carrier 133 to be attachable and detachable by, for 
example, bolting with retainer ring fixing bolts 144 by 
leaving a slight gap between the inner wall of the cir- 
cumference wall 68 and the face directing toward the 
outer circumference side of the steps at the lower side 
of the can-ier 133. 

[0331] As shown in Fig. 18, the retainer ring 75 is 
formed to be approximately parallel to the upper face 
75b and lower face 75a, and is provided so that the 
lower face 75a protrudes out of the lower face of the 
elastic membrane 77 expanded over the carrier 133 In 
order to allow the lower face 75a to contact the polishing 
pad 4. It is possible to mount the retainer ring 75 while a 
shim with an appropriate thickness is Inserted between 
the upper face 75b of the retainer ring and the face 
133b directed to downward of the lower side steps of 
the can-ier 133, thereby the degree of projection from 
the lower face of the elastic membrane 77 expanded 
over the lower face of the carrier 133 may be adjusted 
depending on the thickness of the wafer W to be pol- 
ished. 

[0332] It is also possible to prolong the service life 
of the retainer ring 75 by limiting the degree of projec- 
tion of the retainer ring 75 from the lower face of the 
elastic membrane 77 within an appropriate range. 
[0333] The elastic membrane 77 for dividing the 
pressurizing pocket 78 from the outside to fonn the 
space SP is expanded over the lower face of the carrier 
133. The elastic membrane 77 is an approximately cir- 
cular sheet member comprising a flexible material such 
as a fiber reinforced rubber as in the diaphragm 63, and 
is attached to the can-ier 133 to be airtight by inserting 
its outer circumference edge between thelace 133b of 
the step on the carrier 1 33 and the upper face 75b of the 
retainer ring 75. 

[0334] The second pressure adjustment mecha- 
nism 66 is provided to adjust the inner pressure of the 
space SP by feeding or withdrawing a gas to or from the 
space (the upper face side of the elastic membrane 77) 
between the earner 133 and the elastic membrane 77 
including the space SP. 

[0335] The second pressure aoQustment mecha- 
nism 66 presses the elastic membrane 77 toward out- 
side to press the entire surface of the wafer W onto the 
polishing pad 4 with a uniform pressure, by increasing 
the inner pressure of the space between the carrier 133 
and the elastic membrane 77 up to a prescribed pres- 
sure during polishing the wafer W. The pressure applied 
from the second pressure adjustment mechanism 66 is 
acqusted so that the wafer W is pressed onto the polish- 
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ing pad 4 with an optimum pressure for polishing. The 
second pressure adjustment mechanism 66 allows the 
inner pressure of the space SP to decrease below the 
atmospheric pressure while allowing the wafer W to be 
absorbed on the lower face of the elastic membrane 77 
to pemnit the elastic membrane 77 to depress toward 
the inside of the pressurizing pocket 78, thereby making 
the elastic membrane 77 to serve as a suction cup for 
absorbing the wafer W. 

[0336] The second pressure adjustment mecha- 
nism 66 supports the wafer W independently from the 
retainer ring 75 in a floating manner, by adjusting the 
inner pressure of the space SP to adjust the force for 
pressing the wafer W from the floating member 134 
onto the polishing pad 4. 

[0337] While the force for pressing the wafer W onto 
the polishing pad 4 is determined by the inner pressure 
of the space SR this force also pushes up the floating 
member 1 34 by the same force as pressing the wafer W 
onto the polishing pad 4. The force for pressing the 
retainer ring 75 onto the polishing pad 4 is given as a 
difference between the force for pusliing up the floating 
member 134 and the force for pressing the floating 
member 1 34 onto the polishing pad 4 by the pressure of 
a fluid fed from the first pressure adjustment mecha- 
nism 65. In other words. The pressure for allowing the 
retainer ring 75 to contact the polishing pad 4 varies 
depending on the inner pressure of the space SP. The 
inner pressure of the fluid chamber 73 and the space 
SP is adjusted by the first and second pressure adjust- 
ment mechanisms 65 and 66 by taking these relations 
described above into consideration. 
[0338] The polishing head 113 so configured as 
described above is coupled to the polishing apparatus 
by coupling the shaft 92 to the arnri (not shown). When 
the wafer W is polished using the polishing head 131, 
the wafer W is allowed to contact the elastic membrane 
77 provided on the lower face of the earner 133 by a 
loading device (not shown). The elastic membrane 77 is 
made to depress toward the inside of the pressurizing 
pocket 78 by reducing the inner pressure of the space 
SP by means of the second pressure adjustment mech- 
anism 66, thereby allowing the elastic membrane to 
serve as a suction cup for absorbing the wafer W to 
retain the wafer W. 

[0339] Then, the wafer W is transferred on the pol- 
ishing pad 4 by allowing the polishing head 131 to travel 
by the arm. 

[0340] The wafer W is made to contact the polishing 
pad 4 adhered on the upper surface of the platen 3 
while the periphery of the wafer W is blocked with the 
retainer ring 75. 

[0341] The pressure for pressing the wafer W onto 
the polishing pad 4 is adjusted by the back-pressure of 
the carrier 133 and the retainer ring 75 onto the polish- 
ing pad 4 from the first pressure adjustment mechanism 
65, and the back pressure applied on the elastic mem- 
brane 77 by the second pressure adjustment mecha- 



nism 66. The wafer W is polished by allowing the platen 
3 to revolve and the polishing head to rotate while feed- 
ing the slurry S on the surface of the polishing pad 4 and 
on the surface of the wafer W to be polished from a 

5 slurry feed device (not shown). 

[0342] According to the polishing head 131 so con- 
figured as described above, and the polishing apparatus 
using the polishing head, the floating member 134 can 
be attached and detached without disassembling the 

10 entire polishing head 1 31 , since the carrier 1 33 and the 
retainer ring 75 (the floating member 134) is attached to 
the diaphragm 63 via the intermediate member 132, 
and the floating member 134 is mounted on the inter- 
mediate member 132 to be attachable and detachable, 

15 thereby making maintenance easy and serviceability 
ration of the polishing apparatus to be improved. Also, 
since the intermediate member 132 is rigid, assembling 
accuracy of the floating member is assured as com- 
pared with the conventional floating member directly 

20 assembled to the flexible diaphragm. Machining accu- 
racy of the wafer is stabilized by securing the assem- 
bling accuracy of the intermediate member 132 to the 
diaphragm 63 because the assembling accuracy of the 
floating member 134 is secured by merely a simple 

25 adjustment when the floating member 134 is reassem- 
bled to stabilize machining accuracy of the wafer. 
[0343] The intermediate member 132 may be also 
used for the spacer for adjusting the position of the float- 
ing member 134 along the head axis line direction. That 

30 is. The position of the floating member 134 for retaining 
the wafer may be adjusted by replacing an intermediate 
member 132 with an another intermediate member 132 
having a portion to serve as a spacer with a different 
thickness to allow the thickness to fit the thickness of the 

35 wafer W to be polished, and to change the position of 
the floating member 134 relative to the head body 62 
along the head axis line direction. Setting of the floating 
member 134 can be visually confirmed to reduce the 
occurrence of faulty adjustment, by providing an indica- 

40 tor for indicating the thickness (the thickness from the 
upper face to the lower face of the intennediate member 
132 in this embodiment) of the member to be used for 
the spacer. The indicator should not be always a part of 
the intermediate member 132, but the entire surface of 

45 the intermediate member 1 32 may be used for the indi- 
cator. The thickness (the thickness may be represented 
by the distance between the head body 62 and the float- 
ing member 134 or their relative position, or the thick- 
ness of the corresponding wafer W) of the part to serve 

50 as a spacer may be represented by the numerical value 
or the number of marks, or by the shape of the spacer, 
or by using different colors depending on the thickness 
to serve as a spacer. 

[0344] Setting information of the polishing head 1 31 
55 may be readily inputted to a control unit (not shown) of 
the polishing apparatus by providing a bar-code show- 
ing the thickness of the portion to serve as a spacer on 
the indicator. As a result, occurrence of faulty adjust- 
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ment may be reduced by allowing the control unit to col- 
late the current polishing condition with setting of the 
polishing head to verify whether setting is correct. 
[0345] Both of the diaphragm 63 and the intermedi- 
ate member 132 assumes an approximately circular 
configuration with their inner circumference side open. 
Since the interior of the polishing head 131 is exposed 
to outside by removing the floating member 134 from 
the intermediate member 132, simultaneous mainte- 
nance of the interior of the polishing head 131 is ena- 
bled. Making maintenance easy results in improvement 
of serviceability of the polishing apparatus. Since the 
space between the engage members 137a and 137b is 
sealed with a sealing member 143 disposed between 
the engage members 137a and 137b for engaging the 
intennediate member 132 to the carrier 133, assuring 
an airtight property of the fluid chamber 73 is empha- 
sized in assembling the intermediate member 132 to the 
diaphragm 63, and assuring an assembling accuracy of 
the floating member 134 is emphasized in assembling 
the floating member 134 to the intermediate member 
132. 

[0346] Since the wafer W retained on the wafer pol- 
ishing head 131 is supported by the elastic membrane 
77 in a floating manner, the retainer ring 75 is independ- 
ently supported from the wafer W in a floating manner to 
polish the wafer W in good condition, even when the 
retainer ring 75 is fixed to the carrier 133 and is not sup- 
ported by the carrier 133 in a floating manner. 
[03471 Since a structure for supporting the retainer 
ring 75 by the carrier 133 in a floating manner is not 
needed, the gap at the portion facing the polishing pad 
4 fomned by the floating structure may be reduced. 
[0348] Work efficiency may be improved while 
improving serviceability of the polishing apparatus, 
because the retainer ring 75 is attached to the carrier 
133 to enable the retainer ring 75 to be exchanged with- 
out disassembling the polishing head 131. 
[0349] Placing the intermediate member 132 
between the diaphragm 63 and the floating member 134 
allows the lower end of the floating member 134 to be 
disposed with a distance apart from the opening of the 
head body 62. Consequently, the slurry S on the polish- 
ing pad 4 is hardly incorporated into the polishing head 
62. Provided that the slurry S be incorporated, then it is 
seldom flows out on the polishing pad 4. 
[0350] The sealing member 143 for sealing the gap 
between the engage member 137a of the intenmediate 
member 132 and the engage member 137b of the car- 
rier 133 was disposed between the second mounting 
reference face 139 of the engage member 137a and the 
fourth mounting reference face 142 of the engage mem- 
ber 137b in the embodiment described above. However, 
the construction of the present invention is not restricted 
thereto, but the sealing member 143 may be disposed 
between the first mounting reference face 138 of the 
engage member 137a and the third mounting reference 
face 141 of the engage member 137b. When an O-ring 



is used for the sealing member 143, a groove 143 for 
housing the sealing member 143 is formed on the first 
mounting reference face 138 or on the third mounting 
reference face 141 over its entire circumference. 

5 [0351] The step formed at the lower part of the 
inner circunnference of the intermediate member 132 
serves as the engage member 137a, and the step 
fomned at the upper part of the outer circumference of 
the carrier 133 serves as the engage member AZTh in 

10 the embodiment described above. As shown in Fig. 19, 
however, the construction of the present invention is not 
restricted thereto, but the step may be formed at the 
lower part of the outer circumference, not at the lower 
part of the inner circumference, of the intermediate 

15 member 1 32 to serve as the engage member 1 37a, and 
a protruding bank T may be formed over the entire cir- 
cumference in place of providing cutting on the upper 
part of the outer circumference to form the engage 
member 1 37b with the upper face and the face directing 

20 toward the inner circumference side of the protruding 
bank T Of the steps fomning the engage members 
137a, the face directing downward is allowed to serve 
as the first mounting reference face 138 approximately 
perpendicular to the axis line of the intennediate mem- 

25 ber 1 32, and the face directing toward the outer circum- 
ference side is allowed to sen^e as the second mounting 
reference face 139 approximately parallel to the axis 
line of the intermediate member 132. Likewise, the 
upper face of the protruding bank T forming the engage 

30 member 137b is allowed to serve as the third mounting 
reference face 141 approximately perpendicular to the 
axis line of the carrier 133, and the face of the protrud- 
ing bankT directing toward the inner circumference side 
is allowed to serve as the fourth mounting reference 

35 face 142 approximately parallel to the axis line of the 
carrier 133. 

[0352] When the retainer ring 75 is bolted to the 
carrier 133, it may be bolted, for example, from the 
upper face side of the earner 133 with the retainer ring 

40 fixing bolt 144. Since the retainer ring fixing bolt 144 is 
placed a distance apart from the polishing pad 4 on.the 
upper face of the carrier 133, and the space between 
the retainer ring fixing bolt 144 and the polishing pad 4 
is blocked with the carrier 133, occurrence of contami- 

45 nation with metals arising from the retainer ring fixing, 
bolt 144 (contamination by the metals dissolved from 
the retainer ring fixing bolt 144) may be reduced. Con- 
tamination with metals arising from the retainer ring fix- 
ing bolt 144 may be further diminished by covering the 

so retainer ring fixing bolt 144 with the intennediate mem- 
ber 132, or by housing the retainer ring fixing bolt 144 
into the fluid chamber 73. 

[Eighth Embodiment] 

55 

[0353] While the eighth embodiment acconding to 
the present invention is described hereinafter with refer- 
ence to the drawings, the same reference numerals as 
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used in the first to seventh embodiments are assigned 
to the same or similar elements in the eighth embodi- 
ments, and their explanations are omitted. The polish- 
ing apparatus according to the present invention is 
constructed to be approximately similar to the conven- 
tional polishing apparatus 10 shown in Fig. 28, and the 
polishing head 146 in the vertical cross section shown in 
Fig. 20 Is also used herein (the polishing head 146 may 
be used in the polishing apparatus 1 shown in Fig. 27). 
[0354] in Rg. 20, the polishing head 146 comprises 
a head body 62 comprising an upper mounting plate 67 
and a diaphragm 63 expanded in the polishing head 62, 
an intermediate member 147 secured to the diaphragm 
63, an approximately disk-shaped carrier 148 secured 
on the lower face of the diaphragm 63 via the intermedi- 
ate member 147, and an approximately annular retainer 
ring 123 provided at the lower part of the carrier! 48. 
The carrier 148 and the retainer ring 123 constitutes a 
floating member 145 movable toward the head axis line 
direction by elastic deformation of the diaphragm 63. 
[0355] The upper mounting plate 67 of the head 
body 62 is secured to a shaft 92 in concentric relation 
for coupling with an arm (not shown) in the polishing 
apparatus. First and second fluid passage 93a and 93b 
are fomied in the shaft 92 along the vertical direction. 
[0356] A stopper bolt 126 extending toward the 
head axis line direction is provided on the lower face of 
the upper mounting plate 67. A step 126a protruding 
toward the side to engage with an inner flange 147b (to 
be described hereinafter) provided at the intemnediate 
member 147 is provided at the lower end of the stopper 
bolt 126. 

[0357] A step 70 is formed at the lower part of the 
circumference wall 68 over the entire circumference. 
[0358] The diaphragm 63 is secured with a dia- 
phragm fixing ring 71 on the step 70 formed on the inner 
wall of the circumference wall 68. The space formed by 
being divided between the head body 62 and the inter- 
mediate member 147 from the outside by the dia- 
phragm 63 serves as a fluid chamber 73, and 
communicates with a first fluid passage 93a formed in 
the shaft 92. 

[0359] A tubing 94 connecting a second fluid pas- 
sage 93b fonned in the shaft 92 to a third fluid passage 
93c (to be described hereinafter) provided in the inter- 
mediate member 1 47 is provide in the fluid chamber 73. 
[0360] The intermediate member 147 comprises a 
rigid material such as stainless steel, a ceramic and an 
aluminum material, and assumes an approximately 
disk-shape with a larger outer diameter than the outer 
diameter of the head body 62. The intermediate mem- 
ber 147 is attached in concentric relation to the head 
body 62, and the portion expanding out of the outer cir- 
cumference side from the head body 62 serves as a 
second eaves 1 52. 

[0361] The intermediate member 147 also serves 
as a spacer for adjusting the position of the floating 
member 145 along the head axis direction. An indicator 



I for indicating the thickness of the portion that serves as 
a spacer is provided on the intermediate member 147. 
The thickness of the portion that.serves as a spacer cor- 
responds to the thickness from the top face of a projec- 

5 tion 147a to a sixth mounting reference face 147 to be 
described hereinafter. The indicator I is not necessarily 
a part of the intermediate member 147, but the entire 
surface of the intermediate member 147 may be used 
for the indicator. The thickness of the portion to serve as 

10 a spacer (the thfckness may be represented by the dis- 
tance between the head body 62 and the floating mem- 
ber 145 and their relative position, or by the thickness of 
the corresponding wafer W) may be displayed by a 
numerical value, the number of the mark, and the 

15 shape, or may be represented by a different color 
depending on the thickness of the portion that serves as 
a spacer. The outer circumference of the second eaves 
152 as a portion exposed to outside on the intermediate 
member 147 may be used for the indicator I. and the 

20 intermediate member 1 47 is differently colored depend- 
ing on the thickness of the portion to serve as a spacer. 
[0362] The portion located in the opening of the 
head body 62 of the upper face of the intermediate 
member 147 is made to be approximately in concentric 

25 relation to the Intermediate member 147, and an 
approximately annular projection 147a to be housed in 
the head body 62 is fomned. A recess 1 49 is fomned at 
the inner circumference side of the projection 147a with 
a step lower than the outer circunrrference side. The 

30 space formed at the upper part of the intermediate 
member 147 by the recess 149 also serves as the fluid 
chamber 173. 

[0363] The projection 147a is screw-fitted with an 
intermediate member fixing bolt 136 while inserting the 

35 diaphragm 63 between the projection and an approxi- 
mately annular shaped intermediate member fixing ring 
135 disposed on the upper face of the diaphragm 63, 
thereby the intermediate member 147 is attached on the 
lower face of the diaphragm 63. The elevation of the 

40 projection 147a projecting out of the upper face (the 
upper face of the outer circumference) of the intermedi- 
ate member 147 is adjusted to be larger than the thick- 
ness of the step 70 of the head body 62 along the head 
axis line direction. Consequently, a gap K2 for permit- 

45 ting the intermediate member 147 to displace toward 
the head axis line direction is formed between the upper 
face of the Intemiediate member 147 and the lower end 
of the circumference wall 68. 

[0364] A third fluid passage 93c communicating to 
50 the lower face side of the intemiediate member 147 is 
formed at the center of the bottom of the recess 149. 
[0365] An inner flange 147b projecting toward the 
inner drcunnference side is formed over the entire cir- 
cumference at the upper part of the projection 147a. 
55 The inner flange 147b is provided to engage with the 
step 126a of the stopper bolt 126 provided in the head 
body 62, and relative movement between the head body 
62 and the intermediate member 147 is restricted within 
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an appropriiate range by allowing the inner flange 147b 
to engage with the step 126a of the stopper bolt 126, 
thereby making the diaphragm 63 to be free from an 
excess force. The side face 147c of the outer circumfer- 
ence side of the projection 147a is made to be a face 
approximately parallel to the head axis line, and is pro- 
vided with a slight gap from the inner circumference 
face of the circumference wall 68 of the head body 62. 
The side face 147c is able to slide along the head axis 
line direction relative to the inner circumference face of 
the circumference wall 68, thereby restricting displace- 
ment toward the direction perpendicular to the head 
axis line while penmitting the intennediate member 147 
to displace toward the head axis line direction. The 
upper part of the projection 147a is tapered to have a 
narrower outer diameter than the lower part to ensure a 
space from the circumference wall 68 for permitting 
deformation of the diaphragm 63 accompanied by dis- 
placement of the intennediate member 147 to ward the 
head axis line direction. 

[0366] An approximately annular-shaped cover 1 54 
for covering the gap K2 fomied between the head body 
62 and the intermediate material 147 from the side is 
provided on the upper face of the second eaves 152 in 
this embodiment. The cover 154 comprises a base 
154a secured by, for example, bolting to the upper face 
of the second eaves 152, and a cover member 154b 
raising from the base 154a toward the head axis line 
direction along the outer circumference face (the outer 
circumference face of the circumference wall 68) of the 
head body 62. A plurality of ribs 154c are provided 
between the cover member 154b and the base 154a 
with an appropriate distance apart along the peripheral 
direction of the cover 154. A bolt made of a resign is 
used for the bolt for securing the base 154a to the sec- 
ond eaves 152 in order to avoid contamination with met- 
als. 

[0367] An engaging projection 155a for engaging 
with an engaging recess 155b (to be described herein- 
after) provided on the can-ier 148 is formed on the lower 
face of the intermediate member 147 in concentric rela- 
tion to the intenmediate member 147. The outer circum- 
ference face of the engaging projection 155a is 
approximately parallel to the axis iine of the intermedi- 
ate member 147, serving as a fifth mounting reference 
face 156. The face locating at the outer circumference 
side from the engaging projection 155a of the lower face 
of the intermediate member 147 is approximately per- 
pendicular to the axis line of the intermediate member 
147 to serve as a sixth mounting reference face 157. 
These fifth and sixth mounting reference faces 156 and 
157 serve as mounting reference faces for mounting the 
carrier 148 on the intermediate member 147. 
[0368] A margin is provided from the upper end of 
the fifth mounting reference faces 156 through the inner 
circumference side of the sixth mounting reference 
faces 157, and the lower face of the engaging prcjection 
155a does not make contact with the bottom face of the 
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engaging recess 155b of the carrier 148. Consequently, 
mounting accuracy of the carrier 148 onto the interme- 
diate member 147 is maintained. 

[0369] The earner 148 is made of a highly rigid 
5 material such as a ceramic or a lighter aluminum mate- 
rial, and is attached to the intenmediate member 147 to 
be attachable and detachable. The carrier 148 is also 
attached to the intermediate member 147 In concentric 
relation to the head body 62, and the portion of the car- 
10 rier 148 projecting out of the head body 62 toward the 
circumference side serves as a third eaves 148a. 
[0370] The engaging recess 1 55b for engaging with 
the engaging projection 155a of the intermediate mem- 
ber 147 is formed on the upper face of the earner 148. 
75. The Inner side face of the engaging recess 155b is 
approximately parallel to the axis line of the earner 148, 
and serves as a seventh mounting reference face 158 
making contact with the fifth mounting reference face 

156 of the intermediate member 147. The upper face of 
20 the carrier 148 Is approximately perpendicular to the 

axis line of the carrier 148, and serves as a eighth 
mounting reference face 159 making contact with the 
sixth mounting reference face 157 of the intermediate 
member 147. 

25 [0371] The earner 148 is positioned to be concen- 
tric to the intermediate member 1 47 by allowing the sev- 
enth mounting reference face 158 to contact the fifth 
mounting reference face 156 of the intermediate mem- 
ber 147, and by allowing the eighth mounting reference 

30 face 159 to contact the sixth mounting reference face 

1 57 of the intermediate member 1 47. A sealing member 
143 are placed on the mounting reference faces of the 
intermediate member 147 or on the mounting reference 
faces of the carrier 148, or on both of them, in order to 

35 seal them to be airtight or liquid-tight. An O-ring is used 
as the sealing member 143 in this embodiment, and a 
groove 143a for fitting the sealing member 143 is 
formed over the entire circumference on the fifth mount- 
ing reference face 156 of the intermediate member 147 

40 (the groove 143a may be. provided at the seventh 
mounting reference face 158 side of the carrier 148). 
[0372] When a structure for bolting the carrier 148 
to the intermediate member 147 is employed, a bolt 
insertion hole 152a is formed by vertically perforating on 

45 the second eaves 1 52. The carrier 1 48 is secured to the 
intermediate member 147 with the canrier fixing bolt 
152b perforating through the bolt insertion hole 152a. A 
plurality of the bolt insertion holes 152a are formed 
along the entire circumference of the second eaves 152 

50 with, for example, an equal distance apart, and is cov- 
ered with the cover 154 attached to the second eaves 
152 (the head of the earner fixing bolt 152b may not be 
housed in the bolt insertion hole 152a, but the head of 
the carrier fixing bolt 152b may be covered with the 

55 cover 154). 

[0373] A pressurizing pocket 78 is formed on the 
lower face of the carrier 148 in concentric relation to the 
carrier 148. A fluid feed passage 79 communicating 
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from the pressurizing pocket 78 through the bottom face 
of the engaging recess 156b is formed in the carrier 
148. The fluid feed passage 79 is connected to the tub- 
ing 94 through the space formed between the engaging 
recess 155b of the carrier 148 and the engaging projec- 
tion 155a of the intermediate member 147, and through 
the third fluid passage 93c fonned in the intermediate 
member 147, thereby being connected to the second 
pressure adjustment mechanism 66. 
[0374] A cutting is formed over the entire circumfer- 
ence at the lower part of the carrier 148 to form a first 
mounting face 131 directing downward the axis line 
direction of the carrier 148, and a second mounting face 
132 directing toward the outer circumference direction 
of the carrier 148. The retainer ring 123 is attached to 
these first and second mounting faces 131 and 132. 
[0375] When a structure for bolting the retainer ring 
123 to the carrier 148 is employed, the bolt insertion 
hole 148b is formed through the third eaves 148a from 
the upper side to the lower side. The retainer ring 123 is 
screw-fitted to the carrier 148 with the retainer ring fixing 
bott 148c perforating through the bolt insertion hole 
66b. The bott insertion hole 148b is so configured as to 
house the head of the retainer ring fixing bolt 148c. 
thereby the retainer ring fixing bott 148c is isolated from 
outside by being housed between the intennediate 
member 147 and the carrier 148 when the carrier 148 is 
attached to the intermediate member 147. A plurality of 
the bolt insertion holes 148b are formed along the entire 
circumference of the third eaves 148a with, for example, 
an equal distance apart (for example, a hole D (or a 
groove) are formed at the positions opposed to the bolt 
insertion hole 148b on the' lower face of the intermedi- 
ate member 147 as indicated by the double dotted line 
in Rg. 20 to house the head of the retainer fixing bolt 
148c in this hole, instead of allowing the bolt insertion 
hole 148b to house the head of the retainer fixing bolt 
148c). 

[0376] The upper and lower faces of the retainer 
ring 123 are formed to be approximately in parallel to 
one another, and the upper face 123b is attached to the 
first mounting face 131 of the carrier 148. The inner cir- 
cumference face 123c of the retainer ring 132 is approx- 
imately perpendicular to the upper face 123b, and the 
elastic membrane 124 is secured by inserting its outer 
circumference 124a (to be described hereinafter) into 
the gap from the second mounting face 132, thereby the 
elastic membrane 124 is attached to be airtight to the 
carrier 6. It is possible to mount the retainer ring 123 by 
inserting a shim with an appropriate thrclcness between 
the upper face 67a and the first mounting face 131 of 
the carrier 148. As a result, the degree of projection of 
the retainer ring 123 from the lower face of the elastic 
membrane 124 expanded over the lower face of the car- 
rier 148 can be adjusted depending on the thickness of 
the wafer W to be polished. It is also possible to elon- 
gate the service life of the retainer ring 123 by restricting 
the degree of projection of the retainer ring 123 out of 



the lower face of the elastic membrane 124 within an 
optimum range, even when the retainer ring 123 is worn 
to reduce the thickness along the vertical direction. 
[0377] A fitting groove 1 33 is formed over the entire 

5 circumference on the second mounting face 132 direct- 
ing toward the outer circumference side. The fitting 
groove 133 is tapered so that the width at the opening 
side is narrower than the with of the bottom part, and 
the terminal edge 124b (to be described hereinafter) of 

10 the elastic membrane 1 24 expanded over the lower face 
of the carrier 148 is inserted into the groove. The sec- 
ond mounting face 132 secures the elastic membrane 
by inserting the outer circumference 124a of the elastic 
membrane 124 into the gap from the inner circumfer- 

15 ence face 67b of the retainer ring 123 after mounting 
the retainer ring 123 on the carrier 148. The elastic 
membrane 124 is made of, for example, a flexible mate- 
rial such as a fiber reinforced rubber as in the dia- 
phragm 63, and the outer circumference 124a raises 

20 toward the upper face side against the planar inner cir- 
cumference, and the terminal edge 124b Is folded 
toward the inner circumference side. The terminal edge 
124b is formed to be thicker than the remaining part, 
thereby the terminal edge 124b is engaged with the fit- 

25 ting groove 133 of the carrier 148. 

[0378] The second pressure adjustment mecha- 
nism 66 feeds or withdraws a gas to or from the space 
(the upper face side of the elastic membrane 124) 
including the space SP between the carrier 148 and the 

30 elastic membrane 124 to adjust the inner pressure of 
the space. The second pressure adjustment mecha- 
nism 66 presses the entire surface of the wafer W onto 
the polishing pad 4 of the polishing apparatus via the 
elastic membrane 124 by increasing the inner pressure 

35 of the space SP during polishing, and depresses the 
elastic membrane 124 toward the inside of the pressu- 
rizing pocket 78 to permit the elastic membrane 124 to 
serve as a suction cup for abso rising the wafer W by 
decreasing the inner pressure of the space SP below 

40 the atmospheric pressure, 

[0379] In the polishing head 146 so configured as 
described above, the floating member 145 can be easily 
attached and detached without disassembling the head 
body 62, since the floating member 145 is bolted to the 

45 second eaves 152 of the Intermediate member 147. 
Accordingly, maintenance is easy and serviceability 
ratio of the polishing apparatus Is improved. 
[0380] Since the outer diameter of the floating 
member 145 for retaining the wafer W is larger than the 

50 outer diameter of the head body 62, the mounting space 
of the polishing head may be reduced by eliminating 
expansion of the polishing head 146 toward the outside 
of the wafer W. 

[0381] The carrier fixing bolt 152b for securing the 
55 floating member 1 45 to the intennediate member 1 47 is 
placed a distance apart from the polishing pad 4 by bolt- 
ing the floating member 145 to the second eaves 152 of 
the intennediate member 147 from the upper face side. 
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In addition, the space between the cannier fixing bolt 
152b and the polishing pad 4 is bloclced by the second 
eaves 152 of the intemiediate nnenriber 147. Conse- 
quently, the wafer W and the polishing pad 4 are hardly 
affected by contamination with metals arising from the 
carrier fixing bolt 152b. ~ 

[0382] The gap K2 formed by the floating structure 
(the gap arising by variation of the volume due to dis- 
placement of -the floating member 145) is fomried 
between the intermediate member. 147 and the head 
body 62, and is located a distance apart from the polish- 
ing head 4. Since the space between the opening of the 
gap K2 and the polishing pad 4 Is blocked by the second 
eaves 1 52 of the intermediate member 147, foreign sub- 
stances are seldom sucked into the gap K2. As a result, 
serviceability ratio of the polishing apparatus can be 
improved by reducing the frequency of cleaning carried 
out by removing the intermediate member 147 from the 
head body 62 in the polishing head 146. 
[0383] The position of the floating member 145 for 
retaining the wafer may be adjusted by replacing the 
intermediate member 147 with an intermediate member 
having a different thickness of the portion to serve as a 
spacer. 

[0384] Since an indicator I for indicating the thick- 
ness of the portion to serve as a spacer is provided on 
the intermediate member 147, setting of the floating 
member 145 may be visually confirmed to reduce the 
occurrence of faulty adjustment Since the indicator I is 
also provided at the second eaves 152 that is exposed 
outside of the polishing head 146 in the intermediate 
member 147, and the Indicator I is colored depending 
on the thickness of the portion to serve as the spacer, 
setting of the floating member 145 may be more easily 
confirmed without disassembling the polishing head 
146. 

[0385] Invasion of the slurry and other foreign sub- 
stances into the gap K2 may be further reduced by cov- 
ering the gap K2 between the head body 62 and the 
intermediate member 147 with the cover 154 from the 
side. The inlet and outlet of air to the gap K2 is directed 
toward upward by providing the cover 154 at the second 
eaves 1 52 to make it further difficult to suck foreign sub- 
stances. In addition, since the foreign substances are 
pulled back toward the inside of the space with the 
coyer 154 by gravity, even if the foreign substances be 
sucked in to the space with the cover 154, the foreign 
substances are hardly discharged to outside. 
[0386] When the floating member 145 (the carrier 
148) is bolted to the intermediate member 147 as 
shown in this embodiment, contamination with metals 
arising from the carrier fixing bolt 152b may' be effec- 
tively reduced by covering the carrier fixing bolt 152b 
with the cover 154. Moreover, since the cover 154 is not 
required to be expanded toward the outer circumfer- 
ence side of the intermediate member 147, the outer 
diameter of the polishing head 146 is not also required 
to be large even l:>y providing the cover 154 to enable 



the mounting space small. 

[0387] The retainer ring fixing bolt 1 48c for securing 
the retainer ring 123 on the earner 148 Is located on the 
upper face of the carrier 148 to be a distance apart from 

5 the polishing pad 4. Further, the distance between the 
retainer ring fixing bolt 148c and the polishing pad 4 is 
blocked with the carrier 148, contamination with metals 
ascribed to the retainer ring fixing bolt 148c may be 
reduced. Also, since the retainer ring fixing bolt 148c is 

10 covered with the intermediate member 147 on the upper 
face of the earner to isolate the bolt from outside, con- 
tamination with metals arising from the retainer ring fix- 
ing bolt 148c may be further reduced. 
[0388] In the seventh embodiment, the construction 

15 for mounting the elastic membrane 124 on the carrier 
148 shown in the eighth embodiment may be applied to 
the construction for mounting the elastic membrane 124 
on the lower face of the carrier 133. In other words. The 
elastic membrane 124 is used in place of the elastic 

20 membrane 77, and the fitting groove 133 is formed on 
the face directing toward the outer circumference side at 
the lower part of the outer circumference 133a of the 
carrier 133. The outer circumference 124a of the elastic 
membrane 124 may be secured by Inserting it between 

25 the faces directing toward the outer circumference side 
of the carrier 133 and the inner circumference face of 
the retainer ring 75, while fitting the terminal edge 124b 
of the elastic membrane 124 into the engaging groove 
133. Alternatively, the construction for attaching the 

30 elastic membrane to the carrier 133 according to the 
seventh embodiment may be employed as the construc- 
tion for mounting the membrane on the tower face of the 
carrier 148 in the eighth embodiment. That is, the elastic 
membrane 77 is used in place of the elastic membrane 

35 124, and the fitting groove 133 may be eliminated from 
the second mounting face 132 of the carrier 148 to 
secure the elastic membrane 77 by inserting the outer 
circumference edge of the elastic membrane 77 
between the first mounting face 131 of the carrier 148 

40 and the upper face 67a of the retainer ring 123. 

[Ninth Embodiment] 

[0389] While the ninth embodiment according to the 
45 present invention is described hereinafter with refer- 
ence to the drawings, the same reference numerals as 
used in the first to eighth embodiments are assigned to 
the same or similar elements in the eighth embodi- 
ments, and their explanations are omitted. The polish- 
50 Ing . apparatus according to the present invention is 
constructed to be approximately similar to the conven- 
tional polishing apparatus 1 shown in Fig. 27, and the 
polishing head 161 in the vertical cross section shown In 
Fig. 21 is also used herein (the polishing head 161 may 
55 be used in the polishing apparatus 1 shown in Fig. 28). 
Fig. 22 is a partially enlarged vertical cross section of 
the process for assembling the diaphragm in the polish- 
ing head 161. 
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[0390] In Rg. 21 , the polishing head 161 comprises 
a head body 62 comprising an upper mounting plate 67 
and a cylindrical circumference waW 68, a diaphragm 63 
expanded in the head body 62, an approximately disk- 
shaped carrier 122 secured in approximately concentric 
relation to the head body 62 on the lower face of the dia- 
phragm 63, and a retainer ring 123 provided in approxi- 
mately concentric relation to the carrier 122 at the lower 
part of the outer circumference of the carrier 122. 
[0391 ] The carrier 1 22 is attached to the diaphragm 
63 via a rigid Intennediate member 162 In this embodi- 
ment. 

[0392] The intennediate member 162 is an approx- 
imately disk-shaped member having a larger outer 
diameter than the outer diameter of the head body 62. 
[0393] The carrier 122 has a larger outer diameter 
than the outer diameter of the head body 62, and retains 
one face of the wafer W via the elastic membrane 124 
(to be described hereinafter) expanded over the lower 
face. The carrier 122, the retainer ring 123 and the inter- 
mediate member 162 constitute a floating member 163 
supported to be movable toward the head axis line 
direction by elastic deformation of the diaphragm 63. 
[0394] The upper mounting plate 67 of the head 
body 62 is secured in concentric relation to the shaft 92 
for coupling with a spindle (not shown) of the polishing 
apparatus. First and second fluid passages 93a and 
93b are vertically formed in the shaft 92. 
[0395] A stopper bolt 126 elongating toward the 
head axis line direction is provided on the lower face of 
the upper mounting plate 67. A step 126a is provided at 
the lower end of the stopper bolt 126 for engaging with 
an inner flange 162b (to be described hereinafter) pro- 
jecting out to the side and provided on the intenmediate 
member 162. 

[0396] A step 70 is formed over the entire circumfer- 
ence at the lower part of the circumference wall 68. 
[0397] The lower face of the circumference wall 68 
serves as a first reference face F1 approximately per- 
pendicular to the head axis line, and the inner face of 
the circunrrference wall 68 serves as a second reference 
face F2 approximately parallel to the head axis line. The 
first and second reference faces F1 and F2 are used as 
references for positioning the intermediate member 162 
relative to the head body 62 by allowing them to contact 
third and fourth reference faces F3 and F4 (to be 
described hereinafter) provided on the intermediate 
member 162. 

[0398] The diaphragm 63 Is mounted on the head 
body 62 by screw-fitting the diaphragm fixing ring 71 to 
the step 70 with diaphragm fixing bolts 71a, while the 
outer circumference of the diaphragm is inserted 
between the approximately annular diaphragm fixing 
ring 71 and the upper face of the step 70 of the circum- 
ference wall 68. 

[0399] The space between the head body 62 and 
the intermediate member 162 divided from the outside 
by the diaphragm 63 serves as a fluid chamber 73, and 



its inner pressure is adjusted with the first pressure 
adjustment mechanism. 

[0400] A tubing 94 for connecting the second fluid 
passage 93b formed in the shaft 92 to the third fluid 

5 passage 93c (to be described hereinafter) provided on 
the intermediate member 162 is provide in the fluid 
chamber 73. The second pressure adjustment mecha- 
nism 66 is connected to the second fluid passage 93b. 
[0401] The intennediate member 162 is made of a 

10 rigid material such as stainless steel, a ceramic and an 
aluminum material, and is formed to be an approxi- 
mately disk-shaped member having a larger outer diam- 
eter than the outer diameter of the head body 62. The 
intermediate member 162 is attached in approximately 

IS concentric relation to the head body 62, and the portion 
expanding out of the outer circumference side from the 
head body 62 serves as fourth sieves 164. 
[0402] The portion located within the opening of the 
head body 62 of the upper face of the intermediate 

20 member 162 is approximately in concentric relation to 
the intermediate member 162 to form an approximately 
annular projection 162a housed in the head body 62. A 
recess 149 is formed at the inner face side of the projec- 
tion 162a to be by one step lower than the outer circum- 

25 ference side. The space formed by the recess 149 on 
the upper part of the intermediate member 162 also 
serves as the fluid chamber 73. A third fluid passage 
93c communicating to the lower face side of the inter- 
mediate member 1 62 is formed at the center of the bot- 

30 tom face of the recess 149, and the tubing 94 is 
connected to the upper end of the third fluid passage 
93c. 

[0403] The third reference face F3 approximately 
perpendicular to the axis line of the intennediate mem- 

35 ber 1 62 is formed over the entire portion opposing to the 
lower face of the circumference wall 68 of the head body 
62 in the upper face of the intermediate member 162. 
The third reference face F3 is able to contact the first 
reference face F1 of the head body 62, and the eleva- 

40 tions of the head body 62 and the intermediate member 
162 are pos'rtioned by allowing them to contact the first 
reference face F1 . 

[0404] The attachment portion (the upper face of 
the projection 162a) of the diaphragm 63 in the interme- 
45 diate member 1 62 is located at a given distance upward 
of the attachment portion (the upper face of the step 70 
of the circumference wall 68) of the diaphragm 63 in the 
head body 62. 

[0405] The portions other than the third reference 
so face F3 is fonrned to be by one step lower than the third 
reference face F3 at the portion opposing to the lower 
face of the circumference wall 68 of the head body 62 in 
the upper face of the intermediate member 162. so that 
the portions other than the third reference face F3 do 
55 not come in contact with the first reference face Fl 
when the third reference face F3 contacts the first refer- 
ence face Fl , 

[0406] The projection is screw-fitted to the approxl- 
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mately annular intermediate member fixing ring 135 dis- 
posed on the upper face of the diaphragm 63 with the 
intemnediate member fixing bolt 135a to insert the dia- 
phragm 63, thereby mounting the intermediate member 
on the lower face of the diaphragm 63. 
[0407] The elevation of the projection 162a project- 
ing out of the upper face (the upper face at the outer cir- 
cumference side) of the intennediate member 162 is 
made to be larger than the thickness of the step 70 of 
the head body 62 along the head axis line direction. 
Accordingly, a gap K3 that permits the intermediate 
member 162 to displace toward the head axis line direc- 
tion is formed between the first reference face F1 of the 
head body 62 and the third reference face F3 of the 
intermediate member 162. when the head body 62 is 
placed a distance apart from the intermediate member 
162 (the disposition for actually operating the polishing 
head 161) after completing positioning. 
[0408] An approximately annular cover 154 cover- 
ing the gap K3 fomned between the head body 62 and 
the intermediate member 162 from the side is provided 
on the upper face of the fourth eaves 164 in this embod- 
iment, in order to block abrasive particles and other for- 
eign substances from invading into the gap K3. 
[0409] A fourth reference face F4 approximately 
parallel to the axis line of the intermediate member 162 
is fonned over the entire circumference of the lower part 
of the side face directing toward the outer circumference 
side of the projection 162a. The fourth reference face F4 
is able to contact the second reference face F2 of the 
head body 62 when the head body 62 comes close to 
the intermediate member 162 to allow the first reference 
face F1 to contact the third reference face F3. The 
fourth reference face F4 is able to define the direction 
approximately perpendicular to the axis lines by con- 
tacting the second reference face F2, so that the axis 
line of the head body 62 aligns the axis line of the inter- 
mediate member 162. . 

[0410] The portions other than the fourth reference 
face F4 of the faces directing toward the outer drcum- 
ference side of the projection 162a is formed to be 
located at the inner circumference side by one step from 
the fourth reference face F4, so that the portions other 
than the fourth reference face F4 do not contact the sec- 
ond reference face F2 when the fourth reference face 
F4 contacts the second reference face F2. In addition, 
the head body 62 does not interfere with the intermedi- 
ate member 1 62 when the head body 62 is placed to be 
a distance apart from the intermediate member 162 
after completing positioning. The upper part of the pro- 
jection 162a Is tapered toward the lower part to have a 
smaller outer diameter than the outer diameter of the 
lower part. Consequently, a space for permitting defor- 
mation of the diaphragm 63 is secured when the inter- 
mediate member 162 displaces toward the head axis 
line direction. 

[0411] An inner flange 162b projecting out toward 
the inner circumference side is formed over the entire 
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circumference at the upper end of the projection 162a. 
The flange 162b is able to engage with the step 1 62a of 
the stopper bolt 126 provided in the head body 62. so 
that defomnatlon of the carrier 122 toward the head axis 

5 line direction is restricted within an appropriate range to 
protect the diaphragm from suffering excess load, by 
allowing the inner flange 162b to engage the step 126a 
■ of the stopper bolt 126 even when the diaphragm 63 
bends downward. 

10 [0412] The carrier 122 is to be attached on the 
lower face of the intermediate member 162, and com- 
prises a highly rigid material such as a ceramic or a 
lighter aluminum material, which is an approximately 
disk-shaped with a larger outer diameter than the outer 

15 diameter of the head body 62. 

[0413] An pressurizing pocket 78, which is an 
approximately circular recess in approximately concen- 
tric relation to the carrier 122. is formed on the lower 
face of the carrier 122 in approximately concentric rela- 

20 tion to the carrier 122, An elastic membrane 124 is 
expanded on the lower face of the carrier 122 so as to 
cover the pressurizing pocket 78, and the wafer W is 
received by the lower face of the elastic membrane 124. 
A retainer ring 123 is attached to the outer circumfer- 

25 ence of the carrier 1 22 by allowing its lower end to pro- 
trude downward from the lower face of the elastic 
membrane 124. 

[0414] A space SP is formed between the lower 
face at the inner circumference of the carrier 122 and 

30 the elastic membrane 124. A fluid feed passage 79 
communicating the upper face to the lower face is 
formed at the center of the earner 122, and the space 
SP is connected to the second pressure adjustment 
mechanism 66 through the fluid feed passage 79, the 

35 third fluid passage 93c, the tubing 94 and the second 
fluid passage 93b. 

[0415] The wafer W is supported in a floating man- 
ner independently from the retainer ring 123 by adjust- 
ing the force for pressing the wafer W from the floating 

40 member 163 toward the polishing pad 4 as a result of 
adjusting the inner pressure of the space SP using the 
second pressure adjustment mechanism 66. 
[0416] The polishing head 161 so configured as 
described above is attached to the polishing apparatus 

45 by coupling the shaft 92 to the spindle of the polishing 
apparatus. 

[0417] While the procedure for assembling the pol- 
ishing head 161 is described hereinafter, only the steps 
for assembling the diaphragm 63 as a main element of 
so the present invention will be described herein. 

[0418] At first, the intennediate member 162 is 
placed on the work table (the carrier 122 and the 
retainer ring 123 may be mounted on the intermediate 
member 162). 

55 [0419] Subsequently, the circumference wall 68 is 
mounted on the intermediate member 162. and is posi- 
tioned by allowing the first and second reference faces 
F1 and F2 to contact the reference faces F3 and F4 of 
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the intermediate member 162 (see Rg. 22B). 
[0420] Then, the diaphragm 63 is mounted so as to 
bridge between the upper face of the projection 162a of 
the intennnediate member 162 and the upper face of the 
step 70 of the circumference wall 68. The intermediate 5 
member fixing ring 135 is mounted on the portion 
located on the projection 162a in the diaphragm 63, and 
the diaphragm 63 is secured on the intennediate mem- 
ber 162 by screw-fitting the intermediate member fixing 
ring 135 on the projection 162a with the intermediate 
member fixing bolt 135a. 

[0421] Likewise, the diaphragm fixing ring 71 is 
mounted on the portion located on the step 70 in the 
diaphragm 63, and the diaphragm 63 is secured on the 
circumference wall 68 by screw-fitting the diaphragm 
fixing ring 71 on the step 70 with the diaphragm fixing 
bolt 71a. The diaphragm 63 may be attached to the cir- 
cumference wall 68 in advance. 

[0422] After finishing the assembling work of the 
diaphragm 63, the upper mounting plate 67 is attached 
at the upper part of the circumference wall 68 to com- 
plete assembling of the head body 62. When the carrier 
122 and other members have not been mounted yet, 
they are mounted on the intermediate member 162 to 
assemble the floating member 163. thereby completing 
the assembling work of the polishing head 161. 
[0423] Rg. 22A shows the configuration when the 
diaphragm 63 is mounted on both the intennediate 
member 162 and the circumference wall 68. When the 
diaphragm 63 is mounted as shown in the drawing, the 
upper face of the projection 162a of the intermediate 
member 162 is positioned so as to locate at upward 
from the upper face of the step 70 of the circumference 
wall 68, and the upper face of the projection 162a is 
located with a given distance apart from the upper face 
of the step 70 as compared with the case when these 
members are located on the same elevation. A pre- 
scribed degree of relaxation is assured for the dia- 
phragm 63 when the upper face of the projection 162a 
comes to the same elevation as the upper face of the 
step 70 by attaching the diaphragm 63 between the 
upper face of the projection and the upper face of the 
step. The floating member 1 63 is fevorably supported in 
a floating manner by allowing the diaphragm 63 to relax, 
by permitting the range where restoration force of the 
diaphragm 63 is not applied, or the range where the 
force for allowing the floating member 163 to displace 
toward the polishing pad 4 is determined only by the 
inner pressure of the fluid chamber 73, of the movable 
range of the floating member 163 toward the axis line 
direction to be expanded. 

[0424] The floating member 163 displaces toward 
downward of the head axis line direction by its own 
weight during the polishing head is used. Since the dia- 
phragm is supported in a floating manner at the position 
lower than the position when positioned in assembling 
the diaphragm 63, the floating member 163 is favorably 
supported in a floating manner without being interfered 



78 

with the head body 62 provided that displacement of the 
floating member 163 fails within an appropriate range. 
[0425] According to the polishing head 161 so con- 
structed as described above, the head body 62 and the 
floating member 163 is easily positioned for mounting 
the diaphragm 63 without using any jig to be exclusively 
used. 

[0426] While the floating member 1 63 of the polish- 
ing head 161 involves the intermediate member 162 in 
the foregoing embodiment, the construction is not 
restricted thereto, but the intermediate member 162 
may be omitted from the floating member 1 63 in the pol- 
ishing head 161 as in the polishing head 161a shown in 
the vertical cross section in Rg. 23, and the polishing 
head is constructed by directly securing the carrier to 
the diaphragm. 

[0427] An approximately disk-shaped carrier 166 
having a larger outer diameter than the outer diameter 
of the head body 62 is used in the case above in place 
of the carrier 122. The upper part of the can-ier 122 is 
changed to have the same construction as the intenne- 
diate member 162 in the carrier 166. That is, the earner 
166 is attached approximately in concentric relation to 
the head body 62. The portion located within the open- 
ing of the head body 62 of the upper face of the carrier 
is approximately in concentric relation to the carrier 166, 
and an approximately ring-shaped projection 162a to be 
housed in the head body 62 is formed. A recess 149 is 
fomned at the inner circumference side of the projection 
162a by a step lower than the outer circumference side, 
a fluid feed passage 79 communicating to the lower face 
side of the carrier 166 is formed at the center of the 
recess 149, and a tubing 94 is connected at the upper 
end of the fluid feed passage 79. 
[0428] Of the upper face of the cannier 166, a third 
reference face F3 approximately perpendicular to the 
axis line of the carrier 166 is formed over the entire cir- 
cumference at the portion opposing to the lower face of 
the circumference wall 68 of the head body 62. A fourth 
reference face F4 approximately parallel to the axis line 
o the intermediate member 162 is formed over the 
entire circumference at the lower part of the side face 
directing toward the outer circumference side of the pro- 
jection 162a. 

[Tenth Embodiment] 

[0429] The tenth embodiment of the present inven- 
tion will be described hereinafter with reference to the 
drawings. Figs. 24A and 6 are a partially enlarged verti- 
cal cross sections showing the structure of the polishing 
head and the process for assembling the diaphragm 
according to this embodiment, and Fig. 25 shows the 
configuration of the rotation piece used for the polishing 
head according to this embodiment 
[0430] An intermediate member 172 is provided in 
the polishing head 171 in the tenth embodiment in place 
of the intermediate member 162 in the polishing head 
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161. The same reference numerals as used in the pol- 
ishing head 161 and the intermediate member 162 in 
the ninth embodiment are assigned to the same or sim- 
ilar elements in the following descriptions. The polishing 
apparatus according to the present invention is con- 
structed to be approximately similar to the conventional 
polishing apparatus 1 shown in Fig. 27, and the polish- 
ing head 171 is also used herein (the polishing head 
171 may be used in the polishing apparatus 1 shown in 
Fig. 27), 

[0431] In the intermediate member 172, a movable 
member at least a part of which is able to advance and 
retreat between the lower face of the circumference wall 
68 of the head body 62 and the upper face of the inter- 
mediate member is provided in the intermediate mem- 
ber 162, and the third and fourth reference faces F3 and 
F4 are provided at a portion being able to advance 
between the lower face of the circumference wall 68 and 
the upper face of the intemnediate member 172 in the 
movable member, instead of directly fomriing on the 
intemnediate member 172. 

[0432] A rotation piece 173 comprising a rotation 
axis 173a and an increasing tandem joint 173b formed 
at an Intermediate portion along the axis line of the rota- 
tion axis 173a are used for the movable member in this 
embodiment as shown in Figs. 24A, 24B and 25, 
[0433] A housing hole 174 for housing a part of the 
rotation piece 173 is fonmed by bridging between the 
position opposing to the lower face of the circumference 
wall 68 and the position located at the inner circumfer- 
ence side from the former position in the intermediate 
member 172. The rotation piece 173 is housed in the 
housing hole 174 so that the upper face of the increas- 
ing tandem joint 173b protrudes by a given distance out 
of the upper face of the intermediate member 172, and 
a part along the circumference direction is opposed to 
the lower face of the circumference wall 68. The hous- 
ing hole 174 comprises, from the top to the bottom, an 
increasing tandem joint 174a for housing the lower part 
of the increasing tandem joint 173b of the rotation piece 
173, and a decreasing tandem joint 174b for housing 
the portion located at downward of the increasing tan- 
dem joint 173b of the rotation axis 173a of the rotation 
piece 173. The rotation axis 173a is positioned by the 
decreasing tandehn joint 174b. The housing hole 174 is 
provided so as to perforate to the lower face of the inter- 
mediate member 172. 

[0434] The upper face of the increasing tandem 
joint 173b serves as the third reference face F3, and the 
side face of the rotation axis 173a serves as the fourth 
reference face F4. A cutting 173c is formed at the upper 
part of the rotation piece 173, thereby the third and 
fourth reference faces F3 and F4 are also cut to remain 
only a part of them along the circumference direction of 
the rotation piece 173. The rotation piece 173 is ena- 
bled to allow the portion on which the cutting 173c is 
formed and the portion on which the cutting 173c is not 
formed to selectively advance between the lower face of 
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the circumference wall 68 and the upper face of the 
intemnediate member 172 by rotating around its own 
rotation axis. An engage member 173d for engaging 
with a tool such as a screw driver and an Allen wrench 

5 is formed at the lower end of the rotation axis 173a, 
thereby It is made possible to rotate the rotation piece 
173 through the housing hole 174 from the lower face 
side of the intemnediate member 172. 
[0435] A plurality of the housing holes 174 and the 

10 rotation pieces 173 are provided with an appropriate 
distance apart along the circumference direction of the 
intermediate member 172. There are three holes and 
pieces with a distance apart along the circumference 
direction in order to position the head body 62 by three 

15 points in this embodiment. 

[0436] While the procedure for assembling the pol- 
ishing head 171 is described hereinafter, only the 
assembling work of the diaphragm as an essential ele- 
ment of the present invention will be described herein. 

20 [0437] The third and fourth reference faces F3 and 
F4 are allowed to travel at the outer circumference side 
(the position opposed to the lower face of the circumfer- 
ence wall 68) by operating the rotation piece 173 of the 
intermediate member 172, and the intermediate mem- 

25 ber 172 is mounted on the work table. 

[04i38] Subsequently, the circumference wall 68 is 
mounted on the upper face of the intermediate member 
172 to position the first and second reference faces F1 
and F2 of the circumference wall 68 by allowing them to 

30 contact the third and fourth reference faces F3 and F4 of 
the intermediate member 172 (see Rg. 24A). 
[0439] Positioning is perfonmed while the circumfer- 
ence wall 68 is placed a distance apart from the inter- 
mediate member 1 72. 

35 [0440] The diaphragm 63 is mounted so as to 
bridge between the upper face of the projection 162a of 
the intemnediate member 172 and the step 70 of the cir- 
cumference wall 68, and the diaphragm 63 is secured to 
the circumference wall 68 and the intenmediate member 

40 172. 

[0441] After completing the assembling work of the 
diaphragm 63, the head body 62 is assembled by 
mounting the upper mounting plate 67 at the upper part 
of the circumference wall 68. The portion where the cut- 

45 ting is formed is allowed to travel to the position 
opposed to the lower face of the circumference wall 68, 
by allowing the rotation piece 173 to rotate by operating 
a too! which Is operated by engaging with the engage 
member 173d through the housing hole 174 from the 

50 lower face of the intemnediate member 1 72. 

[0442] The circumference wall 68 is made possible 
to advance into the cutting 173c, and a margin is 
assured between the circumference wall 68 and the 
intermediate member 172 along the direction to be 

55 closer than the positioning site of these members (see 
Fig. 24b). 

[0443] The assembling work of the polishing head 
171 is completed by mounting the carrier 122 and other 
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members on the intermediate member 172. 
[0444] According to the polishing head 171 so con- 
figured as described above, the head body 62 and the 
floating member 163 may be easily positioned in 
assembling the diaphragm 63 without using any exclu- 
sive use jigs. 

[0445] Since a margin is secured between the cir- 
cumference wall 68 and the intermediate member 172 
along the direction closer to the position where these 
members have been positioned, they are hardly inter- 
fered with the head body when they are displaced 
toward the head axis direction during polishing, thereby 
allowing the floating member to be favorably supported 
in a floating manner. 

[0446] The margin is secured between the circum- 
ference wall 68 and the intermediate member 172 with- 
out making the structure of the polishing head 171 
complex to enable the manufacturing cost of the polish- 
ing head 171 to be reduced. 

[0447] The rotation piece 173 is provided to allow 
its axis line to be approximately parallel to the axis line 
of the Intermediate member 172 in this embodiment. 
Either the portion where the third and fourth reference 
faces F3 and F4 are formed, or the portion where the 
cutting 173c is formed is selectively projected out of the 
side of the gap formed between the head body 62 and 
the intermediate member 172 in this example. However, 
the construction is not restricted to those above, but the 
rotation piece 173 is provided so that its axis line is 
directed toward the direction approximately perpendicu- 
lar to the axis line of the intermediate member 172, and 
the third reference face F3 is directed toward the outer 
circumference side of the intermediate member 172. As 
a result, either the portion where the third and fourth ref- 
erence faces F3 and F4 are fonned, or the portion 
where the cutting 173c is formed may be selectively 
projected out of the upper face of the intermediate 
member 172 by allowing the rotation piece 173 to rotate 
around its axis line. The head body 62 and the interme- 
diate member 172 is positioned in this case by allowing 
the third reference face F3 and the fourth reference face 
F4 to contact the second reference face F2 and the first 
reference face F1, respectively. A margin is secured 
between the circumference wall 68 and the intermediate 
member 172 by allowing the portion where the cutting 
173c Is formed to project out of the upper face of the 
intermediate member 172. 

[0448] While the rotation piece 173 is used for the 
movable member in the foregoing embodiment, the con- 
striction is not always restricted thereto, but the housing 
hole 176 may be provided so that it is elongated from 
the position opposing to the circumference wall 68 of 
the head body 62 to the inner circumference side along 
the radial direction of the intermediate member 172 of 
the upper face of the intermediate member 172 as 
shown in Figs. 26A and 26B. A positioning piece 177 (a 
movable member), which is movable toward the longitu- 
dinal direction of the housing hole 176, is provided in the 



housing hole 176 by projecting a part of it out of the 
upper face of the intermediate member 172. At least two 
steps are provided on the positioning piece 177. These 
steps are formed so that the degree of projection from 

5 the upper face of the intermediate member 172 gradu- 
ally reduces from the side located at the inner circumfer- 
ence side toward the outer circumference direction of 
the intermediate member 172. The portion at the lowest 
site of the upper face of the positioning piece 177 is 

10 formed to have the same elevation as the upper face of 
the intermediate member 172. or to locate lower than it. 
The face directing toward upward of the highest step of 
these steps serves as the second reference face F3, 
and the face directing toward the outer circumference 

15 side of the intermediate member 172 serves as the 
fourth reference face F4. The circumference wall 68 of 
the head body 62 and the intermediate member 172 are 
positioned by allowing the portion on which the third ref- 
erence face F3 is fonned to advance between the cir- 

20 cumference wail 68 and the intermediate member 172. 
after allowing the positioning piece 177 to travel along 
the housing hole 176 {see Fig. 26A). A margin is 
secured, on the other hand, between the circumference 
wall 68 and the intemiediate member 172 by allowing 

25 the portion on which the third reference face F3 is 
formed to shunt from the space between the circumfer- 
ence wall 68 and the intermediate member 172 (see 
Fig. 26B). 

[0449] The mechanism for allowing the positioning 

30 piece 177 to travel along the housing hole 176 com- 
prises the bolt insertion hole 178 formed from the outer 
circumference face of the intermediate member 172 
toward the inner circumference, a threaded hole 177a 
provided in the positioning piece 177 coaxial to the bolt 

35 insertion hole 1 78, and a bolt 1 79 inserted from he outer 
circumference side of the Intermediate member 172 
through the -bolt insertion hole 178 and the threaded 
hole 177a. The bolt 179 is screwed into the threaded 
hole 177a, and restricts movement of the positioning 

40 piece along the axis line direction of the bolt insertion 
hole. The positioning piece 177 is allowed to travel 
toward the axis line direction of the bolt 179, or toward 
the radial direction of the intermediate member 172, by 
turning the bolt 179. The bolt 179 is protected from 

45 being exposed outside by providing the bolt 179 at an 
intermediate position of the bolt insertion hole 178 in 
Figs. 26A and 26B, so that the polishing pad 4 and the 
wafer W seldom suffers contamination with metals 
ascribed to the bolt 179. 

50 [0450] The present invention is not restricted to the 
embodiments as set forth herein, but involves various 
modifications including combinations of the embodi- 
ments as set forth above. 

55 Claims 

1. A polishing head comprising: 
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a head body comprising an upper mounting 
plate (bridge) and a cylindrical circumference 
wall provided at downward of the outer circum- 
ference of the upper mounting plate; 
a diaphragm vertically provided against a head s 
axis line in the head body; 
a disk-shaped carrier secured to the diaphragm 
and provided to be able to displace toward the 
head axis line direction together with the dia- 
phragm, one face of a polishing object to be io 
polished being retained on the lower face of the 
carrier; 

a first pressure adjustment mechanism for 
adjusting the pressure of a liquid filled in a fluid 
chamber fomned between the canrier and the 75 
head body; and 

a retainer ring disposed in concentric relation 
between the lower face of the earner and the 
inner wall of the circumference wall, besides 4. 
being provided at an approximately the same 20 
elevation as the lower face of the carrier to con- 
tact the polishing pad during polishing, 
the retainer ring being secured to the carrier, 
an elastic membrane being attached to the 
lower face of the carrier, and 25 
the elastic membrane being secured with its 
circumference edge being inserted between 
the retainer ring and the carrier, 
characterized in that the canier comprises a 
fluid feed passage for feeding a pressure-varia- so 
ble fluid between the elastic membrane and the 
carrier. 

2. A polishing head according to Claim 1, character- 
ized in that the fluid feed passage is connected to a as 
second pressure adjustment mechanism for adjust- 
ing the pressure of the fluid fed between the elastic 
membrane and the carrier. 

3. A polishing head comprising: 40 

a head body comprising an upper mounting 
plate and a cylindrical circumference wall pro- 
vided at downward of the outer circumference 
of the upper mounting plate; 45 5. 

a diaphragm vertically expanded against a 
head axis line In the head body; 
a first pressure adjustment mechanism for 
adjusting the pressure of a liquid filled in a fluid 
chamber formed between the diaphragm and so 
the head body; 

a carrier fixed to the diaphragm and provided to 6. 
be able to displace toward the head axis line 
direction together with the diaphragm, one face 
of a polishing object to be polished being ss 
retained on the lower face of the carrier; and 
a retainer ring disposed in concentric relation 
between the inner wall of the circumference 



wall and the outer circumference of the carrier, 
besides being secured to the diaphragm and 
provided so as to be able to displace toward the 
head axis line direction together with the dia- 
phragm, the retainer ring contacting the polish- 
ing pad during polishing, 
an elastic membrane being expanded over an 
area surrounded by the retainer ring on the 
lower surface of the can-ier, and 
the carrier comprising a fluid feed passage for 
feeding a fluid between the lower face of the 
carrier and the elastic membrane, 
characterized in that a second pressure adjust- 
ment mechanism for adjusting the fluid pres- 
sure fed between the lower face of the earner 
and the elastic membrane is connected to the 
fluid feed passage. 

A polishing head comprising: 

an elastic membrane expanded at the tip of the 
head for receiving the polishing object on its 
lower face; 

a pressure adjustment mechanism for adjust- 
ing the gas pressure by feeding or sucking a 
gas at the upper face side of the elastic mem- 
brane; 

a pressure gauge for measuring the gas pres- 
sure at the upper face side of the elastic mem- 
brane; and 

a detector for sensing that at least the polishing 
object is not property retained or the polishing 
object is cracked based on the observation 
result that the measured pressure does not 
attain a reference pressure by comparing the 
measured pressure of the pressure gauge with 
respective reference pressures when the gas is 
fed and sucked by the pressure adjustment 
mechanism, 

characterized in that the elastic membrane 
comprises a gas permeable and water proof 
material that permits a gas to pemrieate but 
prohibits a liquid from permeating. 

A polishing head according to Claim 4, character- 
ized in that the outer circumference portion of the 
elastic membrane including the portion for receiving 
the outer circumference of the polishing object is so 
configured as to be airtight that also prohibits a gas 
from permeating. 

A polishing apparatus comprising: 

a platen on the surface of which a polishing pad 
is adhered; and 

a polishing head for retaining one face of a pol- 
ishing object to be polishing to allow the other 
face to contact the polishing pad, 
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characterized in that tlie polishing object is pol- 
ished by a relative movement between the 
platen and the polishing object while the polish- 
ing object is allowed to contact the polishing 
pad, 5 
the polishing apparatus comprising the polish- 
ing pad according to Claim 4. 

7. A polishing head comprising a canier provided with 

a recess on the lower face as a face at the side for io 
retaining a polishing object, and a flexible member 9. 
provided on the lower face of the carrier for dividing 
the recess from the outside to form a space while 
receiving the polishing object on its lower face, 
characterized in that a pressure adjustment mecha- is 
nism is connected to the recess of the canrier, said 
pressure adjustment mechanism adjusting the 
pressure in the space to reduce the pressure in the 
space to be lower than the atmospheric pressure 
for retaining the polishing object, thereby allowing 20 
the flexible member to depress toward the inside of 
the recess to serve as a suction cup for absorbing 
the polishing object, 

the carrier comprising a fluid feed passage for 2S 
connecting the pressure adjustment mecha- 
nism and the recess provided at almost the 
center of the recess, and 
the flexible member being further depressed 
toward the inside of the recess by the suction 30 
pressure of the pressure adjustment mecha- 
nism when the polishing object is not adhered 
on the lower face of the flexible member to 
close the fluid feed passage while a space is 
remaining at the outer circumference of the 35 
recess, 

characterized in that the polishing head further 
comprising: 

a differential pressure measuring device for 
measuring the differential pressure between 40 
the suction pressure of the pressure adjust- 
ment mechanism and the inner pressure of the 
space at the outer circumference of the recess: 
and 

a detector for sensing whether the polishing 45 
object is retained or not by sensing the differen- 
tial pressure with the differential pressure 
measuring device. 

8. A polishing head according to Claim 7 comprising a so 
plurality of the recesses provided on the lower face 
of the carrier, a plurality of spaces being formed by 
the plural recesses and the elastic membrane, 

the recess comprising the pressure adjustment ss 
mechanism connected through the respective 
liquid feed passages as well as the differential 
pressure measuring device. 



characterized in that the detector is so config- 
ured as to sense whether the polishing object is 
retained or not by the number of the spaces 
among the plural spaces where differential 
pressure between the suction pressure of the 
pressure adjustment mechanism and the inner 
pressure in the space at the outer circumfer- 
ence of the recess is sensed by the differential 
pressure measuring device. 

A polishing head according to Claim 8, character- 
ized in that the sensor is so configured as to sense 
whether the polishing object is retained or not by 
considering the positional relation of the spaces 
among the plural spaces where differential pres- 
sure between the suction pressure of the pressure 
adjustment mechanism and the inner pressure in 
the space at the outer circumference of the recess 
is sensed by the differential pressure measuring 
device. 



10. A polishing apparatus comprising: 

a platen on the surface of which a polishing pad 
is adhered; and 

a polishing head for retaining one face of the 
polishing object to be polished to allow the 
other face to contact the polishing pad, 
characterized in that the polishing object is pol- 
ished by a relative movement between the 
platen and the polishing object while allowing 
the polishing object to contact the polishing 
pad, 

the polishing apparatus further comprising the 
polishing head according to Claim 7. 

11. A polishing apparatus comprising a platen on the 
surface of which a polishing pad is adhered, a pol- 
ishing head for retaining one face of the polishing 
object to allow the other face of the polishing object 
to contact the polishing pad, and a head drive 
mechanism for polishing the other face of the pol- 
ishing object by driving the polishing head, 

the polishing head comprising a head body 
comprising an upper mounting plate and a 
cylindrical circumference wall provided at 
downward of the outer circumference of the 
upper mounting plate, a diaphragm expanded 
in the head body, and an approximately disk- 
shaped carrier secured to the diaphragm to dis- 
place toward the head axis line direction 
together with the diaphragm while retaining 
one face of the polishing object, 
the lower face of the carrier comprising a 
recess and an elastic membrane for forming a 
space by dividing the recess from the outside 
of the recess. 
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a pressure adjustment mechanism being con- 
nected to the recess, the pressure adjustment 
mechanism adjusting the inner pressure of the 
space to adjust the back-pressure for allowing 
the elastic membrane to press the polishing 5 
object onto the polishing pad by receiving the 
inner pressure, 

the earner comprising a retainer ring integrally 
attached at the outer circumference by allowing 
its lower end to protrude out of the lower face of 10 
the carrier, 

the outer circumference of at least one of the 
earner or the retainer ring and the inner face of 
the head body comprising an engage member 
for allowing the carrier or the retainer ring to is 
engage with the head body so as to restrict rel- 
ative rotation between the carrier or the 
retainer ring and the head body around the 
head axis line as a center of rotation caused by 
the frictional resistance suffering from the pol- 20 
ishing pad, 

the polishing apparatus further comprising: 
a sensor provided between the engage mem- 
bers for measuring the force along the direction 
of rotation applied among the engage mem- 25 
bers; and 

a computing unit for calculating the polishing 
resistance received by the retainer ring from 
the measured value by the censor while the 
back-pressure of the polishing object is 30 
released by reducing the inner pressure of the 
space. 

12. A polishing apparatus according to Claim 11, 
characterized in that the computing unit calculates 35 
the total polishing resistance received by the polish- 
ing object retained on the carrier and the retainer 
ring based on the measured value by the sensor 
while the polishing object is pressed onto the pol- 
ishing pad by increasing the inner pressure of the 40 
space by means of the pressure adjustment mech- 
anism, and 

the polishing resistance received by the polish- 
ing object is calculated from the difference 45 
between the total polishing resistance and the 
polishing resistance received by the retainer 
ring. 

13. A method for sensing polished state using a polish- so 
ing apparatus comprising a platen on the surface of 
which a polishing pad is adhered, a polishing head 

for retaining one face of a polishing object to allow 
the polishing pad to contact the other face of the 
polishing object, and a head drive mechanism for ss 
polishing the other face of the polishing object by 
allowing the polishing head to drive, 



the polishing head comprising a head body 
comprising an upper mounting plate and a 
cylindrical circuniference wall provided at 
downward of the outer circumference of the 
upper mounting plate, a diaphragm expanded 
in the head body, and an approximately disk- 
shaped carrier secured to the diaphragm to dis- 
place toward the axis line direction together 
with the diaphragm white retaining one face of 
the polishing object, 

the lower face of the carrier comprising a 
recess, and an elastic membrane for forming a 
space by dividing the recess from the outside 
of the recess, 

a pressure adjustment mechanism being con- 
nected to the recess, said pressure adjustment 
mechanism adjusting the inner pressure to 
adjust the back-pressure for allowing the elas- 
tic membrane to press the polishing object onto 
the polishing pad by receiving the inner pres- 
sure, 

the outer periphery of the carrier comprising an 
integrated retainer ring with its lower end pro- 
truding out of the lower face of the carrier, 
the polishing apparatus further comprising: 
an engage member, at the outer circumference 
of either the carrier or the retainer ring and on 
the inner face of the head body, for allowing the 
carrier or the retainer ring to engage with the 
head body so as to restrict relative rotation 
around the head axis line as a center of rota- 
tion; and 

a sensor provided among the engage mem- 
bers to measure the force along the direction of 
rotation acting among the carrier or the retainer 
ring and the head body, 

characterized in that the polishing resistance 
received by the retainer ring is calculated with a 
computing unit using the measured value from 
the sensor while the back-pressure of the pol- 
ishing object Is released by reducing the inner 
pressure of the space using the pressure 
adjustment mechanism, thereby sensing the 
surface state of the polishing pad. 

14. A method for sensing polished state according to 
Claim 13, 

characterized in that the total polishing resistance 
received by the polishing object retained on the car- 
rier and by the retainer ring Is calculated with a 
computing unit using the measured value of the 
sensor while the polishing object is pressed onto 
the polishing pad by increasing the inner pressure 
of the space using the pressure adjustment mecha- 
nism, and 

the polishing resistance received by the polish- 
ing object is calculated with the computing unit 
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from the difference between the total polishing 
resistance and the polishing resistance 
received by the retainer ring. 

15. A polishing head to be used for a polishing appara- s 
tus for polishing a polishing object by allowing one 
face of the polishing object to contact a polishing 
pad adhered on a platen followed by a relative 
movement between the polishing pad and the pol- 
ishing object, and for retaining the polishing object io 
to allow it to contact the polishing pad, comprising: 

a head body comprising an upper mounting 
plate and a cylindrical circumference wall pro- 
vided at downward of the outer circumference is 
of the upper mounting plate, 
a diaphragm expanded in the head body, 
a floating member for retaining the polishing 
object provided on the diaphragm so as to be 
able to displace toward the head axis line direc- so 
tion together with the diaphragm, and 
a first pressure adjustment mechanism for 
adjusting the inner pressure of a fluid chamber 
formed by being divided from the outside by the 
diaphragm provided between the head body 25 18. 
and the floating member, 
characterized in that the floating member Is 
provided to be approximately in concentric 
relation to the head body and formed into an 
approximate disk-shape having an outer diam- 30 
eter larger than the outer diameter of the head 
body. 

16. A polishing head according to Claim 15, character- 
ized in that the floating member comprises an 3S 
approximately dlisk-shaped carrier disposed to be In 
an approximately concentric relation to the head 
body, and a retainer ring attached in an approxi- 
mately concentric relation to the outer circumfer- 
ence of the carrier and contacting the polishing pad 40 
during polishing of the polishing object to engage 
by holding the periphery of the polishing object, 

the lower face of the carrier comprising a flexi- 19. 
ble elastic membrane for forming a space 45 
between the membrane and the lower face of 
the carrier and receiving the polishing object on 
its lower face, and 

a second pressure acQustment mechanism 
being connected to the carrier, said pressure so 
adjustment mechanism adjusting the force for 
pressing the polishing object onto the polishing 
pad by adjusting the pressure in the space. 



17. A polishing head to be used for a polishing appara- 
tus for polishing a polishing object by allowing one 
face of the polishing object to contact a polishing 
pad adhered on a platen followed by a relative 
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movement between the polishing pad and the pol- 
ishing object, and for retaining the' polishing object 
to allow it to contact the polishing pad, comprising: 

a head body comprising an upper mounting 
plate and a cylindrical circumference wall pro- 
vided at downward of the outer circumference 
of the upper mounting plate; 
a diaphragm expanded in the head body; 
a floating member provided on the diaphragm 
to be able to displace along the head axis line 
direction together with the diaphragm for 
retaining the polishing object; and 
a first pressure adjustment mechanism for 
adjusting the inner pressure of a fluid chamber 
formed by being divided from outside between 
the head body and the floating member, 
a rigid intermediate member being inserted 
between the diaphragm and the floating mem- 
ber, and 

the floating member being attached to be 
attachable to and detachable from the interme- 
diate member. 

. A polishing head according to Claim 1 7, character- 
ized in that the floating member comprises a car- 
rier, and a retainer ring attached to the outer 
circumference of the carrier and contacting the pol- 
ishing pad during polishing of the polishing object 
for engaging by holing the periphery of the polishing 
object, 

the lower face of the carrier comprising a flexi- 
ble elastic membrane for forming a space 
between the membrane and the lower face of 
the carrier and receiving the polishing object on 
its lower face, and 

a second pressure adjustment mechanism 
connected to the carrier, said pressure adjust- 
ment mechanism adjusting the force for press- 
ing the polishing object onto the polishing pad 
by adjusting the pressure in the space. 

A polishing head to be used for a polishing appara- 
tus for polishing a polishing object by a relative 
movement between the polishing pad and the pol- 
ishing object by allowing one face of the polishing 
object to contact the polishing pad adhered on a 
platen, and for retaining the polishing object to 
allow it to contact the polishing pad. comprising: 

a head body comprising an upper mounting 
plate and a cylindrical circumference wall pro- 
vided at downward of the upper mounting 

plate; 

a diaphragm expanded in the head body; 

a floating member provided on the diaphragm 

so as to be able to displace along the head axis 
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line cfirection together with the diaphragm for 
retaining the polishing object; and 
a pressure adjustment mechanism for adjust- 
ing the inner pressure formed by being divided 
from the outside with the diaphragm between s 
the head body and the floating member, 
characterized in that the head body and the 
floating member comprise reference faces for 
positioning the head body and the floating 
member in assembling the diaphragm by allow- io 
in g one reference face to contact the other ref- 
erence face provided on the head body and the 
floating member, respectively. 

20. A polishing head according to Claim 1 9, is 
characterized in that at least one of the head body 
or the floating member comprises a movable mem- 
ber at least a part of which is made to be able to 
advance or retreat between the head body and the 
floating member, 20 

the reference face being provided at a portion 
advancing between the head body and the 
floating member in the movable member. 
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(57) The present invention provides a polishing 
head comprising a head body (62) having an upper 
mounting plate (bridge) (67) and a cylindrical circumfer* 
ence wall (68) provided at downward of the outer cir- 
cumference of the upper mounting plate (67), a dia- 
phragm (63) provided in the head body (62), a disk- 
shaped carrier (64) secured to the diaphragm (63), a first 
pressure adjustment mechanism (65) for adjusting the 
pressure of a liquid filled in a fluid chamber (73) fomied 
between the carrier (64) and the head body (62), and a 
retainer ring (75) disposed in concentric relation be- 
tween the lower face of the carrier (64) and the inner 
wall of the circumference wall (68), wherein the retainer 
ring is fixed to the carrier, an elastic membrane is dis- 
posed on the lower face of the carrier, the elastic mem- 
brane is secured by inserting its circumference edge be- 
tween the retainer ring and the carrier, a fluid feed pas- 
sage for feeding a pressure variable fluid between the 
elastic membrane and the carrier is provided In the car- 
rier. 
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